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INTRODUCTION 


® 
The SiRFatlasV processor is the next generation GPS application processor for cost effective PND 
(portable navigation device). Using advanced low-power process technology, excellent hardware GPS 
baseband, rich connectivity and analog integration, SiRFatlasV delivers a high GPS performance, flexible 
system design, low power and low cost platform. 
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CORE EXECUTION FEATURES 


Computing Cores 


e 500 MHz ARM11 with 16KB D-cache and I-cache, 16KB D-TCM and I-TCM 
e 250 MHz Enhanced DSP for GPS 
e Low power advanced 65nm process 


Memory Subsystem 


e 64-bit 250 MHz system bus with 16 DMA channels 
e §=1.8V 16-bit mMDDR-333 support 
e 1.8V 16-bit DDR2-400 support 


Advanced Autonomous GPS 
e 64 channels 
e -161 dBm sensitivity 
e Able to acquire and track Galileo signals on all channels 
Display, Graphics, and Multimedia 
e Capable of supporting up to 800x480 at 16 bits color 
e Supports RGB565 or 16-bit CPU I/F TFT LCD panel 
e Hardware VPP (Video Post Processor) for de-interlace, scalar, color space conversion 
e Two hardware overlay layers 


Peripherals and Interfaces 


Power Integration 


e Two switching DC/DC for core (1000mA) and DRAM (500mA) 

e One high PSRR and low noise 300mA LDO for I/O and peripheral 
e One high PSRR and low noise 150mA LDO for analog power 

e One high PSRR and low noise 10mA LDO for PLL 

e One high PSRR and low noise 100mA LDO for RF 

e One high PSRR and low noise 10mA LDO for RTC 


Audio Integration 


e One mono differential audio output with 93db SNR and 80db THD (“A” weighted) 
e One stereo audio output with 85db SNR and 70db THD (“A” weighted) connectivity 


Connectivity 


* One dedicated AC97/I’S interface 

e Two dedicated UART ports 

e Two USP ports for PCM, DSP, I?S, SPI], UART mode 
e Twol’C ports 


e 12-bit ADC with 4-wire touch screen controller and 3 channel analog input, stream measurement 
mode for low cost audio input 
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NAND Flash Storage 


e 8-bit NAND flash interface with 12/24bit configurable BCH HW ECC support 
e Supports direct boot from SLC or MLC NAND 
e Supports SLC 512B, 2KB, 4KB page size 
e Supports MLC 2kKB, 4KB, 8KB page size 
SD/MMC/MMC+ Controller 


e SDIO support for Wi-Fi, DVB-T/DVB-H/T--DMB/S-DMB 
e Supports direct boot from SD/MMC+ Managed NAND 
e Two 8-bit SD1.01/SD 2.1/MMC4.3 ports 
e Two 4-bit SD1.01/SD2.1/MMC4.3 ports 

USB Connectivity 


e One USB 2.0 High Speed interfaces with on chip PHY 
e Can be Host, Device or OTG 
e Transfer up to 480Mbps 


Packaging 
e 10mm x 13mm 285 ball TFBGA with .65mm pitch 


Temperature Range 


e -20°C ~ +70°C extended commercial grade 
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Figure 1: SiRFatlasV Block Diagram 
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RISC SUBSYSTEM 


Overview 


The RISC subsystem contains the ARM1136JF, 16KB I-Cache, 16KB D-Cache and RISC interface blocks 
as shown in Figure 2. 


Irq Clock 


y 
> 
ICache 
ARM1136 CPU 
core interface 
16KB 
DCache ei /O bus 


RISC subsystem 


Figure 2: RISC Subsystem Block Diagram 


ARM1136JF 


The main CPU core of SiRFatlasV Applications Processor is ARM1136JF, which is based on the 
innovative ARM v6 architecture. It supports ARM Thumb® instruction sets, and features Jazelle® 
technology (which enables direct execution of Java bytecodes) SIMD DSP instructions on 16-bit or 8-bit 
data values in 32-bit registers. 


The ARM1136JF-S processor core has ihe following features: 


e §=32-bit Integer unit 

e Ejight-stage pipeline 

e Branch prediction with return stack 
e Low-interrupt latency 


e Instruction and Data Memory Management units (MMUs), manageable using micro TLB structures 
backed by a unified main TLB 


e Instruction and Data L1 Caches, including a non-blocking Data cache with Hit-Under-Miss 
e 64-bit interface io both L1 caches 
e Write buffer (bypassable) 


e Vector Floating Point coprocessor (VFP) for hardware acceleration of 3D graphics and other 
floating-point applications 


e JfAG-based debug support 


For detailed information on ARM1136JF, refer to ARM1136JF related documents available on the ARM 
web site http:/Awww.arm.com. 
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RISC Interface 


The RISC interface is an internal function block for converting the AHB Lite Bus protocol to SiRFatlasV 
system bus (C_AXI) and I/O bus. 


Feature List 


e Bus protocol convert between AHB bus and C-AXI bus 
e Bus protocol convert between AHB bus and I/O bus 

e Configurable I/O bus write width and read wait cycle 

e Address mapping 

e Illegal access protection 

e Timeout 

e Read pre-fetch 


Functional Descriptions 


Address Mapping 


The ARM1136 has a 32-bit address bus, which will be translated by the RISC interface into either an 
access to data memory or memory-mapped registers. Bits <27:0> of the address are used as the physical 
address bus. 


All address mapping registers must be inside the RISC interface. The RISC interface will be responsible 
for all address decoding before it issues the command cycles to the system. The boot ROM should have 
instructions about how to initialize these address-mapped registers. The programmer needs to provide 
the system with the initialization routine. 


e ROM and compact flash 


The address mapping is defined starting from CPU reset vector (0x0000-0000). There is 512MB 
set aside for ROM. However, not all of this space can be used. For security reasons, this memory 
must be mirrored. Thus, the maximum size that can be set for the ROM cannot exceed 256MB. 
Also, because the mirrored memory is laid out onto two sequential 256MB segments, accessing 
0x0000-0000 and 0x1000-0000 directly will yield the same result. 


NOTE — After boot-up, the address space from 0x0000-0000~OxOFFF-FFFF can be re-directed to 
the system memory (DDR2/MDDR) and user can only access the ROM/Flash through 
0x1000-0000~0x1FFF-FFFF. 


The memory space from 0x2000-0000 to 0x47FF-FFFF is reserved. 


e DSP shared memory 
The DSP shared memory takes 128MB address space (0x4800-0000~0x4FFF-FFFF). 


e PCl address space 
The address between 0x5000-0000 and OxSFFF-FFFF (256MB) is assigned to all the internal PCI 


devices. There is another 256MB space above it (0x6000-0000~0x6FFF-FFFF) assigned to the 
PCI ROM/Flash. 


NOTE — The ROM/Flash interface can be accessed as a PCI device too. In this case, user can 
access the ROM/Flash through PCI address space 0x6000-0000~Ox6FFF-FFFF. 
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e Reserved space 


The address space between 0x7002-0000~0x7FFF-FFFF, is reserved. If the CPU reads from the 
reserved address space, a data abort operation will result. Writes to the reserved address space 
have no effects. 


e TCM space 
- The address space between 0x7000-0000~0x7000-FFFF is assigned to ITCM of RISC. 
- The address space between 0x7001-0000~0x7001-FFFF is assigned to DTCM of RISC. 


e = Internal registers 


Every peripheral device occupies 64K-byte space starting from 2GB to 3GB (0x8000- 
0000~0xBFFF-FFFF). 


e System memory 


The system memory is between 3GB and 4GB (OxC000-0000~0xFFFF-FFFF). But the maximum 
memory size is 512MB. The top 512MB (OxE000-0000~0OxFFFF-FFFF) is Zero Bank (reading from 
this address range will return zero; writing to this address range has no effect.) Actual external 
memory size will depend on the memory volume connected to the SiRFatlasV's memory interface 
and users need to correctly set the configuration register in the memory controller before using the 
memory. 


The following table shows the memory address mapping of SiRFatlasV. 


[adaressRange =i SSSSCSCS*«izR 
forto oo-rrre Fr _([zwoBaw «SMS 
[ocoto-coooFFF_FFFF | Semvenoy sa 
[nsoo.oown-orrr_FFFF | mionelRegses —_~(1G8 
fnroo.cono-Too.rerr row «dK 
foro. coco-Too.rerFjerom id 
foroozooco-reerreee | SSS~*d Re 


ossoo_ooo-eree=FFFF | POIResnROW [seme 
[sso OOOO=SFFF_FFFE__[OherPciDevows [50m 
[e0_O00O-FFF_FFAF_[DSPStaea nono [WOMB 
fowooo-ooooree-reRF [Sid 
[soo coos [Cid 
[ozoo-cooo arr rer [SSC 
fscoo ooboFee=FrrF _[Peswow «ise 


Table 1: System Memory Mapping 
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Memory Bus Interface 


The Memory Bus Interface is responsible for translating the ARM1136JF-S AHB bus protocol to the 
system bus protocol. 


/O Bus Interface 


All the registers, interface to I/O devices, and FIFO storage in SiRFatlasV will be based on 32-bit 
addresses (except for some registers in the SDIO interface). Some of the registers are in System Clock 
Domain and others are in the I/O Clock Domain. For those registers in the I/O Clock Domain, RISC may 
insert wait states while accessing those devices. The users can change the number of wait states that 
can be programmed by setting the wait state register. 


There are also some variable latency I/O devices, such as DSP IDMA port, etc. In this case, the I/O bus 
interface needs to be able to wait for a signal from the device to complete the access. 


Internal Register Memory Mapping 


0x8002_0000~0x8002_FFFF 
0x8003_0000~0x8003_FFFF 
0x8004_0000~0x8004_FFFF 
0x8005_0000~0x8005_FFFF 
0x8006_0000~0x8006_FFFF 
0x8007_0000~0x8007_FFFF 
0x8008_0000~0x8008_FFFF 
0x8009_0000~0x8009_FFFF 
0x800A_0000~0x800A_FFFF 
0x800B_0000~0x800B_FFFF 
0x800C_0000~0x800C_FFFF 
0x800D_0000~0x800D_FFFF 
0x800E_0000~0x800E_FFFF 
0x800F _0000~0x800F_FFFF 
0x8010_0000~0x8010_ FFFF 
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0x9001_0000~0x9001_FFFF 


0x9002_0000~0x9002_FFFF 
0x9003_0000~0x9003_FFFF 
0x9004_0000~0x9004_FFFF 
0x9005_0000~0x9005_FFFF 
0x9006_0000~0x9006_FFFF 
0x9007_0000~0x9007_FFFF 
0x9008_0000~0x9008_FFFF 
0x9009_0000~0x9009_FFFF 
0x900A_0000~0x97FF_FFFF 
0x9800_0000~0x9800_FFFF 
0x9900_0000~0x9900_FFFF 
0x9a00_0000~0x9FFC_FFFF 
Ox9FFD_0000~0x9FFD_FFFF 
Ox9FFE_0000~0x9FFE_FFFF 
Ox9FFF_0000~0x9FFF_FFFF 
0xA000_0000~0xA000_FFFF 
0xA001_0000~0xA001_FFFF 
0xA002_0000~0xA002_FFFF 
0xA003_0000~OxAFFF_FFFF 
0xB000_0000~0xB000_FFFF 
0xB001_0000~0xBOOF_FFFF 
0xB800_0000~0xB800_FFFF 


0xBA01_0000~0xBFFF_FFFF 
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a 
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a 
a 
a 
a 
a 
a 
a 
a 
a 
a 


Table 2: Internal Memory Mapped Register Mapping 


August, 2010 


SiRF Datasheet — Proprietary and Confidential 8 


Sf SiRFatlasV 


Das AT551 Datasheet 


Register Definitions 
Register Address Mapping 


Base Address 


Access Type Address Mapping 


RISC I/O interface 0x90000000 


Table 3: RISC Interface Base Address 


Register Mapping 


a 2 
RISCINT_1_4 ENABLE 


Table 4: RISC interface Register Mapping 
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Register Descriptions 


e RISC Interface pre-fetch FIFO Invalid Register (RISCINT_FIFO_INVALID) — 0x0000 


The RISC interface has a read pre-fetch FIFO, set the pre-fetch FIFO invalid register to invalidate 
the data in the pre-fetch FIFO. 


o(RAW) | RISCINT_FIFO_INVALID jo | Pech FIFO Invalid bit. Set to 1 will invalidate the 


Table 5: RISC Interface Pre-fetch FIFO Invalid Register 


e RISC Interface Boot-up Register (RISCINT_BOOT_UP) — 0x000C 


After boot-up, the boot program needs to do re-direct the ROM access to the shadowed memory 
space. Set COLD_BOOT to 1, RISC interface will re-direct ROM access in the address 
0x0000_0000~OFFF_FFFF to shadowed memory OxCO000~OxCFFFFFF, the access in address 
0x1000_0000~1FFF_FFFF will be kept as ROM access. 


Due to the pipeline nature of the RISC core, after the boot-up register has been set, the user 
cannot access the ROM address space immediately. It needs to insert at least one NOP between 
them. 


[Bt [Nane [eeu [Desernion 


0 sa COLD_BOOT aan Set to 1 when system is cold boot-up. 


Table 6: RISC Interface Boot-up Regisiter 


e RISC Interface Wait States Register (RISCINT_WAIT1) — 0x0010 


RISC I/O read cycle can be inserted with up to 16 wait states. There are 4 different wait values to 
be set at the same time. Each value is for some group of internal devices. 


[sree Jota [oecipion 
7:0(RIW) — | WS0<7:0> a 


Wait state number used by RISC Interface, system arbiter, 
TO). aero jem MEMC, DSPIF, GPS, DSPGPS arbiter, LCD, and VPP. 


23:16 (RW) | WS2<7:0> | 8'h2 Wait state number used by USB, interrupt controller, reset 
controller and clock controller. 
. : ; Wait state number used by OS timer, RSC, CPUIO2RTC, and 
Bore vn. 4] eee SUBAXI arbiter. 


Table 7: RISC Interface Wait States Register 
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e RISC Interface Wait States Register (RISCINT_WAIT2) — 0x0014 


RISC I/O read cycle can be inserted with up to 16 wait states. There are four wait values to be set 
at the same time. Each value is for a particular group of internal devices. 


pecsinion 


Wait state number used by NAND, CODEC, UARTO, UART1, 
EDIRIN) | EESEOr room rw and SYS2PCl. 


Wait state number used by USPO, USP1, DMA controller, and 
15:8 (RM) Meet ROM controller. 


23:16 (RW) | WS6<7:0> Wait state number used by SPI, and TSC interface. 
31:24 (RW) | WS7<7:0> Wait state number used by other devices. 


Table 8: RISC Interface Wait States Register 


The actual wait cycle for WS4~WS7 is WSxtio_sys_ ratio. 


-  sysclk: ioclk = 1:1 io_sys_ratio = 1 
-  sysclk: ioclk = 1:2 io_sys_ratio = 2 
-  sysclk: ioclk = 1:4 io_sys_ratio = 4 


e RISC Interface Width Control Register (RISCINT_WIDTH) — 0x0018 


RISC I/O Bus can access two different clock domains, one is SYS_CLK and the other is IO_CLK. 
SYS_CLK can be 1, 2, or 4 times of IO CLK. The write pulse width should be programmable. 


[si [Rane [ott [oeatnion 
3:0 (RIW) | PWO<3:0> Write pulse width for System clock domain 


Write pulse width for lO clock domain. 
7-4 (RAW) | PW1<3-0> aK When SYS_CLK:IO_CLK = 1, PW1 =0 
a ) When SYS_CLK:IO_CLK = 2, PW1 = 1 
When SYS_CLK:IO_CLK = 4, PW1 =3 

ere [ato [Reseed 


Table 9: RISC Interface Width Control Register 
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e RISC Interface Timeout Register (RISCINT_TIMEOUT ) — 0x001C 


When RISC accesses I/O device and the devices provide no response within a certain period, the 
RISC interface will timeout and generate an interrupt. 


[si [Name [Befouk [Description 
15:0 (RW) | TO<15:0> 16hFFFF Timeout value in system clock. 


Timeout enable. 
31 (R/W) TO_EN 1'bO 1: Enables timeout check. 
0: Disables timeout check (default). 


Table 10: RISC Interface Timeout Register 


e RISC Interface Timeout Interrupt Register (RISCINT_TIMEQUT_INT)-— 0x0020 


When RISC accesses I/O devices and the devices provide no response within a certain period, 
the RISC interface will timeout and generate an interrupt. 


Timeout interrupt status. 
1: There is timeout interrupt. 
0 (R/W) TO_INT 1’b0 : 
0: No timeout interrupt. 
Write a 1 to this bit will clear the interrupt. 


Table 11: RISC Interface Timeout Interrupt Register 


e RISC Interface Timeout Interrupt Register (RISCINT_ TIMEOUT ADDR) — 0x0034 
RISCINT_TIMEOUT_ADDR indicates the address when a timeout happens 


ay TO_ADDR<31:0> | 31’hO Indicates a timeout occurs when accessing an address 


Table 12: RISC interface Timeout Interrupt Register 
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e RISC Interface Pre-fetch Enable Register (RISCINT_PREFETCH_EN) — 0x0024 


There is a pre-fetch FIFO inside of the RISC interface. This FIFO can be enabled to speed up the 
CPU read. 


[Bi [Nane_‘[Beteut [escipion SSCS 


Pre-fetch enable bit. 
0 (R/W) PREFETCH EN | 1’b1 1: Enabled 
0: Disabled 


Table 13: RISC Interface Pre-fetch Enable Register 


e RISC Interface CPU Synchronous Mode Control Register (RISCINT_CPUSYNC_MODE) — 
0x002C 


ARM1136JF-S Provides two set control inputs that you can use to configure synchronous or 
asynchronous operation of each AHB clock domain (HCLKIRW and HCLKPD). Register 
RISCINT_CPUSYNC_MODE used to configure these two set inputs. 


[et [Nane | Botout [Bwserpton 


Core Clock synchronous enable 

0 (R/W) SYNEN 1’bO 1: Enabled, SYNCENIRW=SYNCENPD=1 
0: Disabled, SYNCENIRW=SYNCENPD=0 
AHB Clock synchronous enable 

1 (RW) HSYNEN 1’bO 1: Enabled, HSYNCENIRW=HSYNCENPD=1 
0: Disabled, HSYNCENIRW=HSYNCENPD=0 


EE a 


Table 14: RISC Interface CPU Synchronous Mode Control Register 


e RISC Interface Time Out Address Register (RISCINT_TIMEOUT_ADDR) — 0x0034 
When RISC interface timeout occurs, the current address will be latched to these registers. 


a Lie, oir ae 32’h0 Current address when timeout occurs 


Table 15: RISC Interface Timeout Address Register 
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e RISC Interface 1:4 Mode Enable Register (RISCINT_1_4 ENABLE) — 0x0038 


[ai [tone [Beta [Bescipion 


0 (RIW 4 4 ENABLE 1'b1 0: Disable SYSCLK:IOCLK 1:4 mode 
( ) as 1: Enable SYSCLK:IOCLK 1:4 mode 
EE 


Table 16: RISC Interface 1:4 Mode Enable Register 
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DSP SUBSYSTEM 
DSP Core 


Overview 


The DSP subsystem in SiRFatlasV is designed for high-performance applications. lt includes a 16-bit 
general purpose DSP core, a program and data memory, a system bus interface, a host Interface, an FFT 
accelerator and an EPD (Energy Peak Detection). 


Feature List 
The DSP Subsystem in SiRFatlasV provides the following features: 


e Faster speed (250MHz) 

e Memory-driven DMA transfer 

e 1x, 2x and 4x clock modes 

e Controllable RTC, UART, USP, GPIO, Interrupt Controller, and all PCI devices 
e Idle down mode 

e High performance hardware FFT 

e Hardware EPD 

e = Five interrupt sources 


The flexible architecture and comprehensive instruction set allow the DSP to perform multiple operations 
simultaneously. In one processor cycle, the processor can: 


e Generate the next program address 

e Fetch the next instruction 

e Perform one or two data moves 

e Update one or two data address pointers 

e Perform a computational operation 
Functional Descriptions 


For detailed information please contact a SiRF Application Engineer. 


Register Definition 


For detailed information please contact a SIRF Application Engineer. 
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GPS Baseband 


Overview 


GPS baseband in SiRFatlasV is a high performance coprocessor for GPS signal processing. 


Feature List 


e Basic features 
- Track mode 
- 58 correlators work in tracking mode 
- RF FIFO interface 
- Host interface 
— Supports up to 64 channels 
- Supports Galileo GPS 
- Match filter and the correlator can work together in acquisition mode 
e DMA 
-  Correlator DMA 
- Match filter DMA 
e Match filter 
- Acquire mode 
- 2046 correlators 


Functional Descriptions 


For detailed information, contact a SIRF Application Engineer. 


Register Definition 


For detailed information, contact a SIRF Application Engineer. 


Programming Guide 


For detailed information, contact a SIRF Application Engineer. 
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MEMORY SUBSYSTEM 


System Arbiter 


Overview 


The system bus in SiRFatlasV is a 64-bit high-performance, low-power bus. In the system arbiter 
architecture, there are eight bus masters: RISC, DSPGPS, VPP, LCD Controller, Sub-AXI system and 
three reserved bus masters. In addition to bus masters, the system arbiter architecture also includes a 
bus slave, the memory controller. 


[Bock Name 
FReseves 
reso 
pospars 


FResoned 
FResoned 
fio 


VPP 


SUBAXI 


Table 17: System Bus Master Allocation 


When the bus master accesses the memory bus, it must own the bus first. To own the bus, the master 
must assert a request signal (M_WAVALID or M_RAVALID), then the arbiter can grant the bus to the 
master with a grant signal (M_WAREADY or M_RAREADY). 


Feature List 


e §©Arbitrates all system requests in the round-robin scheme 


e Two priority groups for arbitration and the switch scheme between the two groups can be 
controlled 


e Each master can be enabled or disabled 
e Write protected when the write data operation is timed out 
e Each master can be continuously responded by setting ACC numbers 
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Register Definitions 
Register Address Mapping 


Base Address 


Address Mapping 


Ox9fffO000 


Table 18: Sample Base Address 


Register Descriptions 


All registers in the System Arbiter are reserved by SIRF. For more information about these registers, 
please contact a SIRF Application Engineer. This document will not list register descriptions of the System 
Arbiter. 


Memory Controller 


Overview 
The memory controller supports 16-bit DDR2/MDDR devices. 


The memory controller is a complete embedded memory controller that interfaces directly to the 
input/output (I/O) drivers in the ASIC I/O pad ring that are connected directly to memory devices on 
custom integrated circuit boards. Communication to and from the memory devices is handled via the 
ASIC interface. 


Feature List 


e Supported Memory types: 
-  1.8V 200MHz DDR2 
-  1.8V 166MHz mobile DDR 
e Total memory size is up to 128MB 


e Support DDR2 with eight banks. In this configuration, memory BA2 should be connected with 
X_MA[13] on board. 


e Fully pipelined command and read and write data interfaces to the controller 
e Advanced bank look-ahead features for high memory throughput 
e Interface to a standard AXI port 


e A programmable register interface to control memory device parameters and protocols including 
auto pre-charge 


e Full initialization of memory on controller reset 
e Clock frequencies from 100MHz to 200MHz supported 
e Delay Compensation Circuitry (DCC) for reliable data send and capture timing 
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Pin Descriptions 


External Pin Descriptions 


Bidirectional Memory data 


Memory address 
Output X_MA<13> should be connected to BA<2> of external memory 
on board when working at eight bank mode. 


Output Bank signal 


Table 19: External Pin Description 


Register Definitions 
Register Address Mapping 


Base Address 


Address Mapping 


O0xa0000000 


Table 20: Sample Base Address 


Register Mapping 


There are 53 registers in the memory controller and 8 registers in the PHY wrap. All the registers should 
be configured correctly before setting the START bit in register MEM_CTL_06 and START bit in register 
MEMCIF_DLL_START. And after you set the two START bit, the memory controller will configure the 
memory device automatically. All masters should wait bit[4] (DRAM Initialization Complete) in 
MEM_CTL_47 to high before starting memory access. 
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The following table is address mapping of these registers: 


0x0000 


0x0004 
0x0008 


0x000C 


0x0010 
0x0014 


0x0018 


0x001C 
0x0020 


August, 2010 


MEM_CTL_00 


MEM_CTL_01 
MEM_CTL_02 


MEM_CTL_03 


MEM_CTL_04 
MEM_CTL_05 


MEM_CTL_06 


MEM_CTL_07 
MEM_CTL_08 
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AUTO_REFRESH_MODE 
AREFRESH 

AP 

ADDR_CMP_EN 


DLLLOCKREG 
CONCURRENTAP 
BANK_SPLIT_EN 
AXI0_FIFO_TYPE_REG 


FAST_WRITE 
DRIVE_DQ_DQs 
DLL_BYPASS_ MODE 


NO_CMD_INIT 
INTRPTWRITEA 
INTRPTREADA 
INTRPTAPBURST 


PWRUP_SREFRESH_EXIT 
PRIORITY_EN 
POWER_DOWN 
PLACEMENT_EN 


RW_SAME_EN 
REG_DIMM_ENABLE 
RD2RD_TURN 


WRITEINT ERP 
TRAS_LOCKOUT 
START 
SREFRESH 


CS_MAP 

AXI0_W_PRIORITY 
AXI0_R_PRIORITY 
WRITE_MODEREG 


ADDR_PINS 
MAX_CS_REG 
LOWPOWER_REFRESH_ENABLE 
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COLUMN_SIZE 
0x0024 MEM_CTL_09 CASLAT 
AGE_COUNT 
TCKE 
FULLNE 
0x0028 MEM_CTL_10 O_ = 
alas OUT_OF_RANGE_TYPE 
COMMAND_AGE_COUNT 
APREBIT 
TWIR 
0x002C MEM_CTL_11 
TWR_INT 
TRRD 
INT_ACK 
INITAREF 
0x0030 MEM_CTL_12 
iin CASLAT_LIN_GATE 
CASLAT_LIN 
TRP 
0x0034 MEM_CTL_13 TDAL 
MAX_COL_REG 


MAX_ROW_REG 
0x0038 MEM_CTL_14 LOWPOWER_CONTROL 
LOWPOWER_AUTO_ENABLE 
TRC 
0x003C MEM_CTL_15 
= a TMRD 


0x0040 MEM_CTL_16 This register intentionally blank 


0x0044 MEM_CTL_17 DLL_LOCK 
0x0048 MEM_CTL_18 TREC 


TRCD_INT 
0x004C MEM_CTL_19 
TRAS_MIN 
TREF 
0x0050 MEM_CTL_20 
OUT_OF_RANGE_LENGTH 


0x0054 MEM_CTL_21 AXIO_EN_SIZE_LT_WIDTH_INSTR 
0x0058 MEM_CTL_22 This register intentionally blank 
0x005C MEM_CTL_23 LOWPOWER_EXTERNAL_CNT 


LOWPOWER_POWER_DOWN_CNT 
axouee oS LOWPOWER_INTERNAL_CNT 
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LOWPOWER_SELF_REFRESH_ CNT 
MEWLGTL29 LOWPOWER_REFRESH_ HOLD 
MEM_CTL_26 TDLL 
TRAS_MAX 
MEM_CTL_27 - 
at TPDEX 
TXSR 
MEM_CTL_28 
adie: TXSNR 
MEM_CTL_29 VERSION 
MEM_CTL_30 OUT_OF_ RANGE. ADDRI31:0] 


SWAP_EN 
ENABLE_QUICK_SREFRESH 
MEM_CTL_31 
= ACTIVE. AGING 
OUT_OF_RANGE_ADDR[34:32] 
PORT_DATA_ERROR_TYPE 
CKE_DELAY 
MEM_CTL_32 = 
- TREF_ENABLE 
SWAP_PORT_RW_SAME_EN 
PORT_DATA_ERROR_ID 
PORT_CMD_ERROR_ID 
MEM_CTL_33 pei - 
Or OUT_OF_RANGE_SOURCE_ID 
PORT_CMD_ERROR_TYPE 


MEM_CTL_34 EMRS2_DATA_0 
MEM_CTL_35 EMRS2_DATA_1 


MEM_CTL_36 TINIT 
MEM_CTL_37 PORT_CMD_ERROR_ADDRJ31:0] 


ODT_ADD_TURN_CLK_EN 
EIGHT_BANK_MODE 
MEM_CTL_38 % = 
eee DQS_N_EN 
PORT_CMD_ERROR_ADDRY34:32] 


ODT_RD_MAP_CSO 
DRAM_CLK_DISABLE 
0x009c MEM_CTL_39 = 
elias REDUC 
ODT_ALT_EN 
RTT_O 
0x00a0 MEM_CTL_40 = 
si ODT_WR_MAP_CS1 
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ODT_WR_MAP_CSO 
ODT_RD_MAP_CS1 
W2R_SAMECS_DLY 
W2R_DIFFCS_DLY 


TRTP 
TDFI_DRAM_CLK_DISABLE 


TDFI_CTRL_DELAY 
TDFI_CTRLUPD_MIN 
MEM_CTL_42 = re 
a RDLAT_ADJ 
DRAM_CLASS 
TDFI_PHY_WRLAT_BASE 
TDFI_PHY_WRLAT 
MEM_CTL_43 — 
a a TDFI_PHY_RDLAT 
TDFI_DRAM_CLK_ENABLE 
WRLAT_ADJ 
WRLAT 
MEM_CTL_44 
sil TDFI_RDDATA_EN_BASE 
TDFI_RDDATA_EN 
DLL_RST_ADJ_DLY 
TFAW 
MEM_CTL_45 
aac: OCD_ADJUST_PUP_CS_0 
OCD_ADJUST_PDN_CS_0 


MEM_CTL_41 


INT_MASK 
MEM_CTL_46 = 
TMOD 
TDFI_CTRLUPD_MAX 
MEM_CTL_47 = = 
- INT_STATUS 
TDFI_PHYUPD_TYPEO 
MEM_CTL_48 = = 
= TDFI_PHYUPD_RESP 
EMRS1_DATA_0 
MEM_CTL_49 " ms 
= DLL_RST_RESP 
EMRS3_DATA_0 
MEM_CTL_50 = = 
ahi EMRS1_DATA_1 
MRS_DATA_0 
MEM_CTL_51 = _ 
airs EMRS3_DATA_1 
TCPD 
MEM_CTL_52 
iio MRS_DATA_1 
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CMD_SEL 
RDEN_SEL 
GATE_SEL 
0x0200 MEMCIF_TIM_CONFIG = 
RESYNC_SEL 
BA2_SEL 
WDAT_SEL 


0x0204 MEMCIF_DLL_START START 


CLOCK 
0x0208 MEMCIF_DLL_STATUS | FLOCK 
LOCK_VALUE 
DLL_ON 
FORCE 
0x020c MEMCIF_DLL_CONFIG1 
ote INCREMENT 
START POINT 


SHIFTC 
0x0210 MEMCIF_DLL_CONFIG2 | OFFSETC 
OFFSETD 
OFFSET3 
OFFSET2 
0x0214 MEMCIF_DLL_CONFIG3 
a OFFSET1 
OFFSETO 


ADB_EN 
DRV_BUS 
FNC_FB 
HALF 


0x021¢ MEMCIF_ADB_CHECK ADB_CHECK 


Table 21: Address Mapping 


0x0218 MEMCIF_PHY_CONFIG 


Register Descriptions 
e MEM_CTL_00 —- OFFSET: 0x0 


[at |ene [Dstt [Besrpion SSS 


Sets the mode for when the automatic refresh will occur. If 
AUTO REFR auto_refresh_mode is set and a refresh is required to 


24(RIW) | EsH MODE memory, the memory controller will delay this refresh until 
- the end of the current transaction (if the transaction is fully 
contained inside a single page), or until the current 
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transaction hits the end of the current page. 

e ’bO = Issue refresh on the next DRAM burst boundary, 
even if the current command is not complete. 

e ’b1 = Issue refresh on the next command boundary. 

Initiates an automatic refresh to the DRAM devices based 

on the setting of the auto_refresh_mode parameter. If there 

are any open banks when this parameter is set, the 

; Memory Controller will automatically close these banks 
16 (W) AREFRESH T’hO before issuing the auto-refresh command. This parameter 

will always read back “O”. 

e ’bO=No action 

e ’b1 = Issue refresh to the DRAM devices 

Enables auto pre-charge mode for DRAM devices. 

e ’bO = Auto pre-charge mode disabled. Memory banks 
will stay open until another request requires this bank, 
the maximum open time (tras_max) has elapsed, or a 

8 (RW) AP 1’hO refresh command closes all the banks. 

’b1 = Auto pre-charge mode enabled. All read and write 
transactions must be terminated by an auto pre-charge 
command. If a transaction consists of multiple read or 
write bursts, only the last command is issued with an 
auto pre-charge. 


Enables address collision/data coherency detection as a 
condition when using the placement logic to fill the 
0 (RW) geal 1°hO command queue. 
e ’bO = Disabled 
e ’b1 = Enabled 


Table 22: MEM_CTL_00 — OFFSET: 0x0 


e MEM_CTL_01 — OFFSET: 0x4 


[shines [oseipion 
24(R) | DLLLOCKREG DLL lock/unlock. Read-only 


Enables concurrent auto pre-charge. Some DRAM 
devices do not allow one bank to be auto pre- 
charged while another bank is reading or writing. 
CONCURRENTAP The JEDEC standard allows concurrent auto pre- 
16 (R/W) Tho charge. Set this parameter for the DRAM device 
being used. 
e ’bO = Concurrent auto pre-charge disabled. 
e ’b1 =Concurrent auto pre-charge enabled. 
' Enables bank splitting as a condition when using 
BARN) BANS Sr ri EN the placement logic to fill the command queue. 
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’bO = Disabled 
’b1 = Enabled 


Sets the relativity of the clock domains between the 


AXI port and the Memory Controller core clock. 
e ’b00 = Asynchronous 

e ’b01 = 2:1 Port:Core Pseudo-Synchronous 
e ’b10 = 1:2 Port:Core Pseudo-Synchronous 
e ’b11 = Synchronous 


1:0 (R/W) | AXIO_FIFO_TYPE_REG 


Table 23: MEM_CTL_01 — OFFSET: 0x4 


e MEM_CTL_02- OFFSET: 0x8 


ES 


Controis when the write commands are issued to 

the DRAM devices. 

e ‘bO = The memory controller will issue a write 
command to the DRAM devices when it has 
received enough data for one DRAM burst. In 
this mode, write data can be sent in any cycle 
relative to the write command. This mode also 
allows for multi-word write command data to 

24 (R/W) | FAST_WRITE arrive in non-sequential cycles. 
’b1 = The memory controller will issue a write 
command to the DRAM devices after the first 
word of the write data is received by the 
memory controller. The first word can be sent 
at any time relative to the write command. In 
this mode, multi-word write command data 
must be available to the memory controller in 
sequential cycles. 


Selects if the DQ output enables and DQS 

output enables will be driven active when the 

memory controller is in an idle state. 

e ’bO = Leave the output enables de-asserted 
8 (R/W) DRIVE_DQ_DQS 1’b0 when idle. 

e ’b1 = Drive the output enables active when 

idle. 

If third party PHY is used, this bit can be 

ignored. 

Defines the behavior of the DLL bypass logic 

and establishes which set of delay parameters 
0(R/W) | DLL_BYPASS_MODE will be used. 

e ’bO = Normal operational mode. 

e ’b1 = Bypass the DLL master delay line. 
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2 third party PHY is used, this bit can be 
ignored. 


Table 24: MEM_CTL_02 — OFFSET: 0x8 


e MEM_CTL_03— OFFSET: 0xC 


fee [wane [Batu [Deserpton 


Disables DRAM commands unti! DLL initialization is 
complete and tdll has expired. 

24 (RW) | NO_CMD_INIT e ’b0 = Issue only REF and PRE commands during DLL 

= a initialization of the DRAM devices. 
’b1 = Do not issue any type of command during DLL 
initialization of the DRAM devices. 
Enables interrupting of a combined write with auto pre- 
charge command with another read or write command to 
the same bank before the first write command is 
completed. 

16 (R/W) INTRPTWRITEA 1’hO e ’b0O = Disabie interrupting a combined write with auto 
pre-charge command with another read or write 
command to the same bank. 

’b1 = Enable interrupting a combined write with auto 
pre-charge command with another read or write 
command to the same bank. 
Enables interrupting of a combined read with auto pre- 
charge command with another read command to the 
same bank before the first read command is completed. 
INTRPTREADA e ’bO = Disable interrupting the combined read with auto 

8 (R/W) ho pre-charge command with another read command to 
the same bank. 

’b1 = Enable interrupting the combined read with auto 
pre-charge command with another read command to 
the same bank. 


Enables interrupting an auto pre-charge command with 

another command for a different bank. If enabled, the 

current operation will be interrupted. However, the bank 

will be pre-charged as if the current operation were 
INTRPTAPBURST allowed to continue. 


e ’bO = Disable interrupting an auto pre-charge operation 
on a different bank. 


’b1 = Enable interrupting an auto pre-charge operation 
on a different bank. 


Table 25: MEM_CTL_03 — OFFSET: 0xC 
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e MEM_CTL_04 — OFFSET: 0x10 


[ek [Nane =‘ [Beserpton 


Allows controller to exit power-down mode by 
executing a self-refresh exit instead of the full 
memory initialization. This parameter provides a 
24 (R/W) PWRUP_SREFRESH means to skip full initialization when the DRAM 
_EXIT devices are in a known self-refresh state. 


e ’b0O = Disabled 
16 (R/W) | PRIORITY_EN 


e ’b1 =Enabled 


Enables priority as a condition when using the 
placement logic to fill the command queue. 

e ’bO = Disabled 

e ’b1 = Enabled 


Enables using the placement logic to fill the 
command queue. 


e ’bO = Placement logic is disabled. The command 
queue is a straight FIFO. 
’b1 = Placement logic is enabled. The command 
queue will be filled according to the placement 
logic factors. 


; 
When this parameter is written with a “1”, the 
memory controller will complete processing of the 
current burst for the current transaction (if any), issue 
a pre-charge ail command and then disable the clock 
enable signal to the DRAM devices. Any subsequent 

8 (R/W) | POWER_DOWN 1h commands in the command queue will be suspended 
until this parameter is written with a “O”. 
e ‘b0 = Enable full power state. 
e 'b1 = Disable the clock enable and power down 

the memory controller. 


O(R/W) | PLACEMENT_EN 


Table 26: MEM_CTL_04 — OFFSET: 0x10 
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e MEM_CTL_05— OFFSET: 0x14 


[temo set eset 


Enables read/write grouping as a condition when 
using the placement logic to fill the command queue. 
e ’bO = Disabled 

e ’b1 = Enabled 


16 (RW) | RW_SAME_EN 


Enables registered DIMM operations to control the 
address and command pipeline of the memory 


REG_DIMM_ENABLE controller. 
e ’bO = Normal operation 
e ’b1 = Enable registered DIMM operation 


Adds an additional clock between back-to-back read 
operations to different chip selects. The extra clock is 
required for mobile DDR devices where tac_max > 
(period/2 + tac_min). Without this additional clock, 
the first read may drive DQS out at tac_max and the 
second read may drive DQS out at tac_min, resulting 
in a contention on the DQS line. 


e ’b0 = Disabled 
e ’b1 = Enabled 


Table 27: MEM_CTL_05 — OFFSET: 0x14 


e MEM_CTL_06- OFFSET: 0x18 


[Bt [Name [Beach [Description 


Defines whether the memory controller can interrupt a 
write burst with a read command. Some memory devices 
do not allow this functionality. 
24 (R/W) | WRITEINTERP 1’hO e ’bO = The device does not support read commands 
interrupting write commands. 
’b1 = The device does support read commands 
interrupting write commands. 


Defines the tRAS lockout setting for the DRAM device. 
tRAS lockout allows the memory controller to execute 
auto pre-charge commands before the tras_min 
16 (R/W) | TRAS_LOCKOUT | 1’hO parameter has expired. 
e ’bO = tRAS lockout not supported by memory device. 
e ’b1 =tRAS lockout supported by memory device. 
With this parameter set to ’b0, the memory controller will 
not issue any commands to the DRAM devices or respond 
8 (RW) START Tho to any signal activity except for reading and writing 
parameters. Once this parameter is set to ’b1, the memory 
controller will respond to inputs from the ASIC. When set, 
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Description 

the memory controller begins its initialization routine. 
e ’bO = Controller is not in active mode. 

e ’b1 = Initiate active mode for the memory controller. 


Note: The user must wait for the initialization complete bit 
to be set in the int_status parameter and for the 
dfi_init_complete signal to be asserted from the PHY 
before submitting any transactions. 


When this parameter is written with a ’b1, the DRAM 
device(s) will be placed in self-refresh mode. For this, the 
current burst for the current transaction (if any) will 
complete, all banks will be closed, the self-refresh 
command will be issued to the DRAM, and the clock 
enable signal will be de-asserted. The system will remain 
in self-refresh mode until this parameter is written with 

a ’b0. The DRAM devices will return to normal operating 
mode after the self-refresh exit time (txsr) of the device 
and any DLL initialization time for the DRAM is reached. 
The memory coniroller will resume processing of the 
commands from the interruption point. This parameter will 
be updated with an assertion of the srefresh_enter pin, 
regardless of the behavior on the register interface. To 
disable self-refresh again after a srefresh_enter pin 
assertion, the user will need to clear the parameter to ’b0. 


e ’b0 = Disable self-refresh mode. 
e ‘b1 = Initiate self-refresh of the DRAM devices. 
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e MEM_CTL_07 — OFFSET: 0x1C 


[Bi [Name _—[eteut [oescinton 


Sets the mask that determines which chip select pins 
are active, with each bit representing a different chip 
select. The user address chip select field will be 
mapped into the active chip selects indicated by this 
parameter in ascending order from lowest to highest. 

25:24 ; This allows the memory controller to map the entire 

(RW) CS_MAP 2’ho contiguous user address into any group of chip selects. 
Bit [0] of this parameter corresponds to chip select [0], 
bit [1] corresponds to chip seleci [1], etc. The number 
of chip selects, the number of bits set to 1 in this 
parameter, must be a power of 2 (20, 21, 22, etc.) 
Set this to 2’h1 and do not change it. 


17:16 ; Sets the priority of write commands from the AXI port. 
(RW) PN RY A value of 0 is the highest priority. 


9:8 , Sets the priority of read commands from the AXI port. 
(RW) re ORY A value of 0 is the highest priority. 


Supplies the EMRS data for each chip select to allow 
individual chips to set masked refreshing. When this 
parameier is written with a ’b1, the mode parameter(s) 
[EMRS register] within the DRAM devices will be 
written. Each subsequent write_modereg setting will 
write the EMRS register of the next chip select. This 
parameter will always read back as ’b0. The mode 

0 (R/W) | WRITE_MODEREG 1’hd registers are automatically written at initialization of the 
memory controller. There is no need to initiate a mode 
register write after setting the start parameter in the 
memory controller unless some value in these 
registers needs to be changed after initialization. Note: 
This parameter may not be changed when the memory 
is in power-down mode (when the CKE input is de- 
asserted). 


Table 29: MEM_CTL_07 — OFFSET: 0x1C 
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Defines the difference between the maximum number 
of address pins configured (16) and the actual number 
' of pins being used. The user address is automatically 
ADDR INS oh} shifted so that the user address space is mapped 
contiguously into the memory map based on the value 


of this parameter. 


Displays the maximum number of chip selects 
configured for this memory coniroller. This parameter is 
read-only. 


9:8 (R) MAX_CS_REG 
Sets whether refreshes will occur while the memory 


LOWPOWER REFRE | ., controller is in any of the low power modes. 
SH_ENABLE em -'b0 = Refreshes still occur 


¢’b1 = Refreshes do not occur 


Table 30: MEM_CTL_08 — OFFSET: 0x20 


e MEM_CTL_09 — OFFSET: 0x24 


[ee [Wone_—_—( wut [Bescon 


Shows the difference between the maximum column 
width available (13) and the actual number of column 
26:24 pins being used. The user address is automatically 
(RW) oa omg shifted so that the user address space is mapped 
contiguously into the memory map based on the value 
of this parameter. 


Sets the CAS (Column Address Strobe) latency 
encoding that the memory uses. The binary value 
programmed into this parameter is dependent on the 
memory device, since the same caslat value may 

CASLAT 3’hO have different meanings to different memories. This 
will be programmed into the DRAM devices at 
initialization. The CAS encoding will be specified in 
the DRAM spec sheet, and should correspond to the 
caslat_lin parameter. 


Holds the initial value of the master aging-rate 
counter. When using the placement logic to fill the 

AGE_COUNT 3’hO command queue, the command aging counters will be 
decremented one each time the master aging-rate 
counter counts down age_count cycles. 


Table 31: MEM_CTL_09 — OFFSET: 0x24 
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e MEM_CTL_10 — OFFSET: 0x28 


26:24 

(RW) TCKE 3’hO 
18:16 

(RW) Q_FULLNESS 


Defines the minimum CKE pulse width, in cycles. 
Defines quantity of data that will be considered full for the 
command queue. 


10:8 OUT_OF_RANGE_TY ? Holds the type of command that caused an out-of-range 
(R) PE 3’hd interrupt request to the memory devices. This parameter is 
read-only. 


Holds the initial value of the command aging counters 
2: COMMAND_AGE_CO 
(R/W) | UNT 


associated with each command in the command queue. 
When using the placement logic to fill the command 
queue, the command aging counters decrease 1 each time 
the master aging-rate counter counts down age_count 
cycles. 

Table 32: MEM_CTL_10 — OFFSET: 0x28 


e MEM CTL_11 — OFFSET: 0x2C 
a 

z 
| 


Table 33: MEM_CTL_11 — OFFSET: 0x2C 


e MEM_CTL.12— OFFSET: 0x30 


[ee [Name _—[Beout [Deserpion 


Controls the clearing of the int_status parameter. If any of 
27:24 the int_ack bits are set to 1, the corresponding bit in the 
(W) INT_ACK 4’h0 int_status parameter will be set to 0. Any int_ack bits written 

with a 0 will not alter the corresponding bit in the int_status 

parameter. This parameter will always read back as 0. 


; P Defines the number of auto-refresh commands needed by 
ee the DRAM devices to satisfy the initialization sequence. 
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Adjusts the data capture gate open time by 1/2 cycle 
increments. This parameter is programmed differently than 
caslat_lin when there are fixed offsets in the flight path 
between the memories and the memory controller for clock 
gating. When caslat_lin_gate is a larger vaiue than 
caslat_lin, the data capture window will become shorter. A 
caslat_lin_gate value smaller than caslat_lin may have no 
effect on the data capture window, depending on the fixed 
offsets in the ASIC and the board. 
’b0000 - ’b0001 = Reserved 
’*b0010 = 1 cycle 
’b0011 = 1.5 cycles 
’b0100 = 2 cycles 
CASLAT_LIN_GATE | 4’hO 'b0101 = 2.5 cycles 
’*b0110 = 3 cycles 
’*b0111 = 3.5 cycles 
’b1000 = 4 cycles 
’b1001 = 4.5 cycles 
’b1010 = 5 cycles 
’b1011 = 5.5 cycles 
’b1100 = 6 cycles 
’b1101 = 6.5 cycles 
’b1110 = 7 cycles 
’b1111 = 7.5 cycles 
If third party PHY is used, ignore this. 


Sets the CAS latency linear value in 1/2 cycle increments. 
This sets an internal adjustment for the delay from when the 
read command is sent from the memory controller to when 
data will be received back. The window of time in which the 
data is captured is a fixed length. The caslat_lin parameter 
adjusts the start of this data capture window. Not all linear 
values will be supported for the memory devices being 
used. Refer to the specification for the memory devices 
being used. 

*b0000 - ’bO0001 = Reserved 

’*b0010 = 1 cycle 

*b0011 = 1.5 cycles 

’*b0100 = 2 cycles 

’*b0101 = 2.5 cycles 

’*b0110 = 3 cycles 

*b0111 = 3.5 cycles 

’b1000 = 4 cycles 

’b1001 = 4.5 cycles 

’b1010 = 5 cycles 
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[emai |esearn 
e 


’b1011 = 5.5 cycles 
’b1100 = 6 cycles 
’b1101 = 6.5 cycles 
’b1110 = 7 cycles 
’b1111 = 7.5 cycles 


Table 34: MEM_CTL_12 — OFFSET: 0x30 


e MEM_CTL_13 — OFFSET: 0x34 


[Beout [Deseroion 


19:16 | 
(R/W) Define DRAM TRP parameter in cycles 
11:8 TDAL ; 
) hd Define DRAM TDAL parameter in cycles 
"hd 


4 
Defines the maximum width of column address in the 
DRAM devices. This value can be used to set the 

3:0 (R) MAX_COL_REG 4 column_size parameter. This parameter is read-only. 


column_ size = max_col_reg - <number of column bits in 
memory device>. 


0 [Reames [ao SSC 


Table 35: MEM_CTL_13 — OFFSET: 0x34 


= 


e MEM_CTL_14 — OFFSET: 0x38 


[None (Bau [Deseripion 


Defines the maximum width of the memory address 
bus (number of row bits) for the memory controller. 
This value can be used to set the addr_pins 
parameter. This parameter is read-only. addr_pins = 
max_row_reg - <number of row bits in memory 
device>. 


28:24 


MAX_ROW_REG 
(R) -— 


Enables the individual low power modes of the device. 
e Bit [4] = Controls memory power-down mode 
(Mode 1). 
LOWPOWER CONTR e Bit [3] = Controls memory power-down with 
OL = memory clock gating mode (Mode 2). 
e Bit [2] = Controls memory self-refresh mode (Mode 
3). 
e Bit [1] = Controls memory self-refresh with memory 
clock gating mode (Mode 4). 
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Description 


e Bit [0] = Controls memory self-refresh with memory 
and controller clock gating mode (Mode 5). 


For all bits: 
e ’bO = Disabled. 
e ’b1 = Enabled. 


Enables automatic entry into the low power modes of 
the memory controller. 


Bit [4] = Controls memory power-down mode 
(Mode 1). 

Bit [3] = Controls memory power-down with 
memory clock gating mode (Mode 2). 


Bit [2] = Controls memory self-refresh mode (Mode 

3). 

Bit [1] = Controls memory self-refresh with memory 
LOWPOWER_AUTO_ clock gating mode (Mode 4). 


ENABLE Bit [0] = Controls memory self-refresh with memory 
and controlier clock gating mode (Mode 5). 


For all bits: 


e ’bO = Automatic entry into this mode is disabled. 
The user may enter this mode manually by setting 
the associated lowpower_control bit. 
bi = Automatic entry into this mode is enabled. 
The mode will be entered automatically when the 
proper counters expire, and only if the associated 
lowpower_control bit is set. 


Table 36: MEM_CTL_14 — OFFSET: 0x38 


e MEM_CTL_15 — OFFSET: 0x3C 


Description 


12:8 ; . : 
(RW) Define DRAM TRC parameter in cycles 
4:0 (RW) | TMRD Define DRAM TMRD parameter in cycles 


Table 37: MEM_CTL_15 — OFFSET: 0x3C 


e MEM CTL_16— OFFSET: 0x40 


[be [None [Batu [Besermion 


EN 


Table 38: MEM_CTL_16 — OFFSET: 0x40 
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Defines the actual number of delay elements used to capture 


one full clock cycle. This parameter is automatically updated 
DLL LOCK | 6’hO every time a refresh operation is performed. This parameter is 
7 read-only. 


If third party PHY is used, this parameter can be ignored. 


Table 39: MEM_CTL_17 — OFFSET: 0x44 


e MEM_CTL_18 — OFFSET: 0x48 


Table 40: MEM_CTL_18 — OFFSET: 0x48 


e MEM_CTL_19 — OFFSET: 0x4C 


a 
31:24 (RIW) | TRCD_INT Define DRAM TRCD parameter in cycles 
23:16 (RW) | TRAS_MIN Define DRAM TRAS_MIN parameter in cycles 


Table 41: MEM_CTL_19 — OFFSET: 0x4C 


e MEM_CTL_20- OFFSET: 0x50 


[esa [Rese 


14’h0 Define DRAM TREF parameter in cycles 


Holds the length of the command that caused an out-of- 


——o range interrupt request to the memory devices. This 


parameter is read-only. 


Table 42: MEM_CTL_20 — OFFSET: 0x50 


August, 2010 SiRF Datasheet — Proprietary and Confidential 38 


Sf SiRFatlasV 


Das AT551 Datasheet 


Allows the port to accept size less than width 
transactions on the AXI port from requestor Z. Each 
bit Z corresponds to requestor Z, meaning that if bit [0] 


is set, then requestor 0 for the AX! port will be able to 


AXI0_EN_SIZE_LT_W send size less than width transactions. 
IDTH_INSTR : ; 
~ e ’bO = Requestor Z may only issue size equal to 


width instructions. 
e ’b1 = Requestor Z can issue size equal to width or 
size less than width instructions. 


Table 43: MEM_CTL_21- OFFSET: 0x54 


e MEM_CTL_22 — OFFSET: 0x58 


Description 


Obsolete 


Table 44: MEM_CTL_22 — OFFSET: 0x58 


e MEM_CTL_23 — OFFSET: 0x5C 


[ee [wane ——*betaut [escipson 


Counts the number of idle cycles before memory 
31:16 (R/W) oa oe self-refresh with memory clock gating low power 
= mode. 


Table 45: MEM_CTL_23 — OFFSET: 0x5C 


e MEM _CTL_24 - OFFSET: 0x60 


LOWPOWER POWE Counts the number of idle cycles before memory 
R DOWN CNT power-down or power-down with memory clock gating 
a = low power mode. 


LOWPOWER INTER Counts the number of idle cycles before memory self 
= refresh with memory and controller clock gating low 
NAL_CNT 
a power mode. 


Table 46: MEM_CTL_24 — OFFSET: 0x60 
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e MEM_CTL_25 — OFFSET: 0x64 


[Nene ‘(Bela [Deseipion 


31:16 LOWPOWER_SELF_ 16’hO Counts the number of cycles to the next memory self- 
(RW) REFRESH_CNT refresh low power mode. 


Sets the number of cycles that the Memory Controller 

will wait before attempting to re-lock the DLL when 
15:0 LOWPOWER REFRE using the controller clock gating mode low power 
(RW) |SH-HOLD nono mode: 

NOTE - This counter is used only in the deepest low 

power mode. 


Table 47: MEM_CTL_25 — OFFSET: 0x64 


e MEM_CTL_26 — OFFSET: 0x68 


fet [Name—*[Betaut [Description 
15:0 (R/W) | TDLL 16°hO Defines the DRAM DLL lock time in cycles. 


Table 48: MEM_CTL_26 — OFFSET: 0x68 


e MEM_CTL_27 — OFFSET: 0x6C 


31:16 (R/W) | TRAS_MAX 16’hO Defines the DRAM TRAS_MAX parameter in cycles. 
15:0 (R/W) TPDEX 16°hO Defines the DRAM TPDEX parameter in cycles. 


Table 49: MEM_CTL_27 — OFFSET: 0x6C 


e MEM_CTL_28 ~ OFFSET: 0x70 


fet [Rame ——([Betau [Description 
31:16 (R/W) | TXSR 16°hO Defines the DRAM TXSR parameter in cycles. 


15:0 (R/W) TXSNR 16°hO Defines the DRAM TXSNR parameter in cycles. 


Table 50: MEM_CTL_28 — OFFSET: 0x70 
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e MEM_CTL_29 — OFFSET: 0x74 


[heme [Beta [Deseipion 


31:0 (R) | VERSION 32’h2040 | Controller version number. Read-Only. 


Table 51: MEM_CTL_29 — OFFSET: 0x74 


e MEM_CTL_30— OFFSET: 0x78 


Holds the address of the command that caused an 
out-of-range interrupt request to the memory devices. 
This parameter is read-only. 


OUT_OF_RANGE_AD 
DR[31:0] 


Table 52: MEM_CTL_30 — OFFSET: 0x78 


e MEM_CTL_31 — OFFSET: 0x7C 


Enables swapping of the active command for a new 

higher-priority command when using the placement 
SWAP_EN logic. 

e ’b0 = Disabled 

e ’b1 = Enabled 


When this bit is set, the memory initialization 

sequence will be interrupted and self-refresh mode 

will be entered. This is used to place the memory 
ENABLE QUICK SR devices into self-refresh mode when a power loss is 
EFRESH ~ detected during the initialization process. 


e ’b0O = Continue memory initialization. 


e ’b1 = Interrupt memory initialization and enter self- 
refresh mode. 


Enables aging of commands in the command queue 
when using the placement logic to fill the command 
queue. The total number of cycles required to 
decrement the priority value on a command by one is 
ACTIVE_AGING the product of the values in the age_count and 
command_age_count parameters. 


e ’b0O = Disabled 
e ’b1 = Enabled 
Holds the address of the command that caused an 


out-of-range interrupt request to the memory devices. 
This parameter is read-only. 


OUT_OF_RANGE_AD 
DR[34:32] 


Table 53: MEM_CTL_31 — OFFSET: 0x7C 
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PORT_DATA_ERROR 
_TYPE 


18:16 
(RW) CKE_DELAY 


SWAP_PORT_RW_S 
AME_EN 


7 TREF_ENABLE 


Table 54: MEM_CTL_32 — OFFSET: 0x80 


e MEM_CTL_33 — OFFSET: 0x84 


SiRFatlasV 
AT551 Datasheet 


Defines the type of error and the access type that 
caused the port data error condition. !f multiple bits 
are asserted to ’b1, then multiple errors were found. 
This parameter is read-only. Bit [2] = Reserved. 


e Bit [1] = Write data interleaved beyond supported 
interleaving depth. 

e Bit [0] = Data Overflow. The write data quantity 
exceeded the Maximum_Byte_Request configured 
option. 


Sets the number of additional cycles of delay to 
include in the CKE signal cke_status for status 
reporting. The default delay is 0 cycles. 


Enables refresh commands. If command refresh 
mode is configured, then refresh commands will be 
automaticaily issued based on the internal tref counter 
and any refresh commands sent through the 
command interface or the register interface. 


e ’bO = Refresh commands disabled. 

e ‘b1 = Refresh commands enabled. 

When swapping in enabled (swap_en is set to ’b1), 
this parameter enables swapping of similar command 
types (read with a read, write with a write) between 
commands on the same port. This effectively enables 
interleaving. 

e ’bO = Disabled 

e ’b1 = Enabled 


En 


PORT_DATA_ERROR 


PORT_CMD_ERROR 
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Holds the source ID of the command that caused a 
port data error condition. For AXI ports, the source ID 
is comprised of the Port ID and the Requestor ID, 
where the Requestor ID is the axi0_BID for write 
response errors, the axi0_RID for read data errors, or 
the axi0_WID for write data errors. This parameter is 
read-only. 


Holds the source ID of the command that caused a 
port command error condition. For AXI ports, the 
source ID is comprised of the Port ID and the 
Requestor ID, where the Requestor ID is the 
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axi0_AWID for write commands or the axi0_ARID for 
read commands. This parameter is read-only. 


Holds the Source ID of the command that caused an 
out-of-range interrupt request to the memory devices. 
This parameter is read-only. 


OUT_OF_RANGE_SO 
URCE_ID 


Defines the type of error and the access type that 
caused the port command error condition. If multiple 
bits are asserted to ’b1, then multiple errors were 
found. This parameter is read-only. 


e Bit [3] = Narrow transfer requested for a requestor 
Y whose axiY_en_size_li_width_instr parameter is 
clear. 

Bit [2] = The byte count of the wrap command is not 
a log-2 value. 

Bit [1] = Either the starting or ending address of the 
wrap command is not aligned to a beat size. 

Bit [0] = The size of the command (axi0_AWSIZE/ 
axi0_ARSIZE) is greater than port data width. 


PORT_CMD_ERROR 
_TYPE 


Table 55: MEM_CTL_33 — OFFSET: 0x84 


e MEM_CTL_34 — OFFSET: 0x88 


Holds the EMRS2 data written during memory 
initialization for chip select 0. The contents of this 
parameter will be programmed into the DRAM at 
initialization or when the write_modereg parameter is 
written with a “1”. Consult the DRAM specification for 
the correct settings for this parameter. 


Table 56: MEM_CTL_34 — OFFSET: 0x88 


e MEM CTL_35— OFFSET: Ox8c 


[Beat [Oescipion 


Holds the EMRS2 data written during memory 
initialization for chip select 1. The contents of 
this parameter will be programmed into the 


16°hO DRAM at initialization or when the 
write_modereg parameter is written with a “1”. 
Consult the DRAM specification for the correct 
settings for this parameter. 


Table 57: MEM_CTL_35 — OFFSET: 0x8c 
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e MEM_CTL_36 — OFFSET: 0x90 


23:0 (R/W) | TINIT 24’h0 Defines the DRAM initialization time, in cycles. 


Table 58: MEM_CTL_36 — OFFSET: 0x90 


e MEM_CTL_37 — OFFSET: 0x94 


PORT_CMD_ERROR Holds the address of the command that caused a 
. port command error condition. This parameter is 
_ADDR[31:0] 
read-only. 


Table 59: MEM_CTL_37 — OFFSET: 0x94 


e MEM_CTL_38 — OFFSET: 0x98 


Description 


Adds a turn-around clock between back-to-back reads 
or back-to-back writes to different chip selects. The 
additional clock may be needed at higher clock 
frequencies. The “turn off’ and “turn on” time of 
termination resistors are not scalable. At higher clock 
frequencies, it is possible that these times may 

ODT_ADD_TURN_CL 4 overlap, resulting in two active resistors while the 

K_EN DQS line is still active. This could compromise the 
signal integrity of the DQS signal. The additional clock 
prevents this overlap. 


e ’bO = No additional clocking required. 


e ’b1 = Additional clock added for back-to-back reads 
or back-to-back writes that occur to different banks. 


Indicates that the memory devices have eight banks. 
EIGHT_BANK_MODE e ’bO = Memory devices have 4 banks. 
e ’b1 = Memory devices have 8 banks. 


Enables differential data strobe signals from the 
DRAM. 


e ’b0 = Single-ended DQS signal from the DRAM. 
e ’b1 = Differential DQS signal from the DRAM. 


2:0 (R) PORT_CMD_ERROR 3hO Holds the address of the command that caused a port 


8 (RW) |DQS_N_EN 


_ADDR[34:32] command error condition. This parameter is read-only. 
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Table 60: MEM_CTL_38 — OFFSET: 0x98 
e MEM _CTL_39- OFFSET: 0x9c 


Sets up which (if any) chip(s) will have their ODT 
termination active while a read occurs on chip select 
0. 
25:24 ; Shas 
(RW) ODT_RD_MAP_CSO e Bit [1] = CS1 will have active ODT termination 
when chip select 0 is performing a read. 
e Bit [0] = CSO will have active ODT termination 
when chip select 0 is performing a read. 


Sets value for the DF! output signal 
dfi_dram_clk_disable. Bit [0] controls CSO, Bit [1] 
17:16 | DRAM_CLK_DISABL controls CS1. 
(RW) E For each bit: 
e ‘b0 = Memory clock/s should be active. 
e ’b1 = Memory clock/s should be disabled. 


configured width. 


e ’bO = Standard operation using full memory bus. 


e ’b1 = Memory datapath width is half of the 
maximum size. 


Enables the use of the non-DFl compliant alternative 
ODT internal signal odt_alt, which is externally viewed 
as the signal reservedO. This signal is only required if 
the user intends to use a CAS latency of 3 with ODT 
support. 
0(R/W) | ODT_ALT_EN 1’b0 
e ’bO = ODT support with CAS latency 3 is not 
supported. 
’b1 = ODT support with CAS latency 3 is supported 
but is not DFl compliant. This disables the interrupt 
bit for ODT -with-CAS3 and disables the OVL error. 


Table 61: MEM_CTL_39 — OFFSET: 0x9c 


Controls the width of the memory datapath. When 

enabled, the upper half of the memory buses (DQ, 

DQS and DM) are unused and relevant data only 

exists in the lower half of the buses. This parameter 

expands the Memory Controller for use with memory 
8 (R/W) | REDUC devices of the configured width or half of the 
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ODT_WR_MAP_CS1 
ODT_WR_MAP_CSO 


ODT_RD_MAP_CS1 


Table 62: MEM_CTL_40 — OFFSET: O0xa0 


e MEM_CTL_41 — OFFSET: Oxa4 


SiRFatlasV 


Defines the On-Die termination resistance for all 
DRAM devices. The Memory Controller can not be set 
for different termination values for each chip select. 

’b00 = Termination disabled 

’*b01 = 75 Ohm 

’b10 = 150 Ohm 

’b11 = Reserved 


Sets up which (if any) chip(s) will have their ODT 


termination active while a write occurs on chip select 1. 


e Bit [1] = CS1 will have active ODT termination when 
chip select 1 is performing a write. 


e Bit [0] = CSO will have active ODT termination when 
chip select 1 is performing a write. 


Sets up which (if any) chip(s) will have their ODT 


termination active while a write occurs on chip select 0. 


e Bit [1] =CS1 will have active ODT termination when 
chip select 0 is performing a write. 


e Bit [0] = CSO will have active ODT termination when 
chip select 0 is performing a write. 


Sets up which (if any) chip(s) will have their ODT 


termination active while a read occurs on chip select 1. 


e Bit [1] =CS1 will have active ODT termination when 
chip select 1 is performing a read. 

e Bit [0] = CSO will have active ODT termination when 
chip select 1 is performing a read. 


[ae [Wene ‘(aout [vernon 


26:24 ; 

sie i eset 
18:16 ; 
sha ee 


Defines the number of additional clocks of delay to 
insert between a write and a read to the different chip 
selects. 


Defines the number of additional clocks of delay to 
insert between a write and a read to the same chip 
select. 


10:8 TRTP 3'h0 Defines the DRAM tRTP (read to pre-charge time) 
(RW) parameter, in cycles. 
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Holds the DFI tdram_clk_disable timing parameter. 
TDFI_DRAM_CLK_DI This parameter should be programmed with the 


SABLE number of cycles that the PHY requires to disable the 
clock after the dfi_dram_clk_disable signal is 
asserted. 


Table 63: MEM_CTL_41 — OFFSET: 0xa4 


e MEM_CTL_42—- OFFSET: 0xa8 


(eau [eat 
Holds the DFI tctrl_delay timing parameter. This 
4’hO parameter should be programmed with the number of 


cycles that the PHY requires to send a power-down or 
self-refresh command to the DRAM devices. 


19:16 Holds the DFI tctrlupd_min timing parameter. This 
TRE TREES MIN parameter is read-only. 
Adjusts the relative timing between DFI read 
11:8 commands and the dfi_rddata_en signal to conform to 
(RW) RDLAT_ADJ 4’h0 
programmed to Ox0, dfi_rddata_en will assert one 
cycle after the dfi_address. 
Selects the mode of operation. 
3-0 ’b0000 = Reserved 
(RW) _ | DRAM_CLASS 4’h0 'p0001 = Mobile DDR 
‘b0100 = DDR2 
All other settings reserved. 


PHY timing requirements. When this parameter is 
Table 64: MEM_CTL_42 — OFFSET: 0xa8 


e MEM_CTL_43 — OFFSET: Oxac 


[ei [hone ‘steak [Besernton 


27:24 TDF!_PHY_WRLAT_B Used to adjust the tdfi_phy_wrlat parameter if the 
PHY requires greater delay from write command to 
aN) ~~, write data 


Holds the calculated value of the tphy_wrlat timing 
19:16 ; parameter. tdfi_phy_wrlat = tdfi_phy_wrlat_base + 
(R) sean La me (wrlat - 1) + reg_dimm_enable. This parameter is 
read-only. 
ean TDFI_PHY_RDLAT Holds the tphy_rdlat timing parameter. 


August, 2010 SiRF Datasheet — Proprietary and Confidential 47 


SA SiRFatlasV 


ee ees AT551 Datasheet 


Table 65: MEM_CTL_43 — OFFSET: Oxac 


e MEM_CTL_44 — OFFSET: 0xb0 


Adjusts the relative timing between DFI write 
commands and the dfi_wrdata_en signal to conform to 
PHY timing requirements. When this parameter is 
programmed to 0x0, dii_wrdata_en will assert on the 
same cycle as the dfi_address. 


Defines the write latency from when the write 
command is issued to the time the write data is 
presented to the DRAM devices, in cycles. 


NOTE - This parameter must be set to 0x1 when 
used in mobile DDR mode. 


Used to adjust the tdfi_rddata_en parameter if the 
TDFILRDDATA_EN_B “I or eee 
= ia PHY requires greater delay from read command to 
ASE 
read data enable. 


Holds the calculated value of the trddata_en timing 

parameter. tdfi_rddata_en = tdfi_rddata_en_base + 
(caslat_lin [3:1] - 1) + reg_dimm_enable + caslat_lin 
[0]. This parameter is read-only. 


TDFI_RDDATA_EN 


Table 66: MEM_CTL_44 — OFFSET: 0xb0 


e MEM_CTL_45 — OFFSET: Oxb4 


31:24 Specifies the minimum number of cycles after the 
(RW) DLL_RST_ADJ_DLY 8’hO master delay value is programmed before the DLL 
reset may be asserted. 


an TFAW. 5’hO Defines the DRAM tFAW parameter, in cycles. 


e Bit [4] = Increment (1) or decrement (0) OCD 


Sets the off-chip driver (OCD) pull-up adjustment 
settings for the DRAM devices. The memory controller 
12:8 OCD_ADJUST_PUP_ will issue OCD adjust commands to the DRAM 
(R/W) CS_0 devices during power up. 
settings. 
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Ce 
a a ae e Bits [3:0] = Number of OCD adjust commands to 
issue. 


Sets the off-chip driver (OCD) pull-down adjustment 
settings for the DRAM devices. The memory controller 


will issue OCD adjust commands to the DRAM 
OCD_ADJUST_PDN_ devices during power up. 
CS_0 e Bit [4] = Increment (1) or decrement (0) OCD 
settings. 


e Bits [3:0] = Number of OCD adjust commands to 
issue. 


Table 67: MEM_CTL_45 — OFFSET: 0xb4 


e MEM_CTL_46 — OFFSET: 0xb8 


[ai [vane =e [Oescipion 


Active-high mask bits that control the value of the 
16:8 ; memory controller_int signal. This mask is inverted 
(Ry. || Mass amg and then logically AND'ed with the outputs of the 

int_status parameter. 

Defines the number of cycles of wait time between 
7:0 TMOD 8'hO mode commands. For write leveling, this is defined as 
(RW) the number of cycles of wait time aftera MRS 

command to the ODT enable. 


Table 68: MEM_CTL_46 — OFFSET: 0xb8 


e MEM_CTL_47-— OFFSET: Oxbc 


_ 16 > | CTRLUPD_MA 14'hO Se ee EnarnrnnTTa TE the DFI tctrlupd_max timing parameter. This 
(R) parameter is read-only. 


Shows the status of all possible interrupts generated 
by the memory controller. The MSB is the result of a 
logical OR of all the lower bits. This parameter is read- 
only. 
The int_status bits correspond to these interrupts: 
8:0 (R) INT_STATUS 9°hO Bit [8] = Logical OR of all lower bits. 
Bit [7] = DLL unlock condition detected. 
Bit [6] = ODT enabled and CAS Latency 3 
programmed error detected. This is an unsupported 
programming option. 
Bit [5] = Both DDR2 and Mobile modes have been 
enabled. 
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Bit [4] = DRAM initialization complete. 

Bit [3] = Error was found with command data 
channel in a port. 

Bit [2] = Error was found with command channel in 
a port. 

Bit [1] = Multiple accesses outside the defined 
PHYSICAL memory space detected. 

Bit [0] = A single access outside the defined 
PHYSICAL memory space detected. 


Table 69: MEM_CTL_47 — OFFSET: Oxbc 


e MEM_CTL_48 — OFFSET: OxcO 


[be [vene ‘(wou [eswrnton 


es 16 oor PHYUPD_TYPE 14’hO Holds the DFI tphyupd_type0 timing parameter. This 
parameter is read-only. 
13:0 (R) TDFI_PHYUPD_RES 14’hO Holds the DFI tphyupd_resp timing parameter. This 
P parameter is read-only. 


Table 70: MEM_CTL_48 — OFFSET: O0xcO0 


e MEM_CTL_49 — OFFSET: Oxc4 


Holds the EMRS1 data written during memory 
initialization for chip select 0. The contents of this 
31:16 ; parameter will be programmed into the DRAM at 
(RW) EMR TAAL tone initialization or when the write_modereg parameter is 
written with a 1. Consult the DRAM specification for 
the correct settings for this parameter. 
15:0 , Sets the number of cycles that the reset must be held 
(RW) BrL el eae en) asserted for the DLL. 


Table 71: MEM_CTL_49 — OFFSET: O0xc4 


e MEM_CTL_50 — OFFSET: Oxc8 


[be [Rene [wnat [ooseipion 


31:16 Holds the EMRS3 data written during memory 
(RW) EMRS3_DATA_0 16°hO initialization for chip select 0. The contents of this 
parameter will be programmed into the DRAM at 
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initialization or when the write_modereg parameter is 
written with a 1. Consult the DRAM specification for 
the correct settings for this parameter. 


Holds the EMRS1 data written during memory 
initialization for chip select 1. The contents of this 
15:0 : parameter will be programmed into the DRAM at 
(RW) BURBS Dain temo initialization or when the write_modereg parameter is 
written with a 1. Consult the DRAM specification for 
the correct settings for this parameter. 


Table 72: MEM_CTL_50 — OFFSET: Oxc8 


e MEM_CTL_51— OFFSET: Oxcc 


[ee [Rane ‘otek [eserpion 


Holds the MRS data written during memory 
initialization for chip select 0. This mode parameter 
should contain the necessary MRS fields in the 
correct bit locations. The Memory Controller ignores 

er the programmed value of the DLL Reset bit in this 

: ; parameter. An internal state machine controls this bit 

(RW) MRS DATA oe and only sets the DLL Reset bit during initialization. 
The contents of this parameter, except the DLL Reset 
bit, will be programmed into the DRAM at initialization 
or when the write_modereg parameter is written with a 
1. Consult the DRAM specification for the correct 
settings for this parameter. 


Holds the EMRS3 data written during memory 
initialization for chip select 1. The contents of this 
15:0 EMRS3 DATA 1 46°hO parameter will be programmed into the DRAM at 
(RW) = - initialization or when the write_modereg parameter is 
written with a 1. Consult the DRAM specification for 
the correct settings for this parameter. 


Table 73: MEM_CTL_51 — OFFSET: 0xcc 


e MEM_CTL_52 — OFFSET: Oxd0 


oo 16 as the clock enable to pre-charge delay time for 
(RW) Tyee 16n0 the DRAM devices, in cycles. 


Holds the MRS data written during memory 
15:0 MRS DATA 1 16’h0O initialization for chip select 1. This mode parameter 
(RW) - = should contain the necessary MRS fields in the 
correct bit locations. The Memory Controller ignores 
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the programmed value of the DLL Reset bit in this 
parameter. An internal state machine controls this bit 
and only sets the DLL Reset bit during initialization. 


The contents of this parameter, except the DLL Reset 
bit, will be programmed into the DRAM at initialization 
or when the write_modereg parameter is written with a 
1. Consult the DRAM specification for the correct 
settings for this parameter. 


Table 74: MEM_CTL_52 — OFFSET: 0xd0 


e MEMCIF_TIM_CONFIG — OFFSET: 0x200 


DFI control and address signal from controller to PHY 
will be delayed for CMD_SEL cycles. 


If CMD_SEL is 0, those signals will be directly 
transmit to PHY 


CMD_SEL 


The dfi_rddata_en signal will be delayed for 
RDEN_SEL cycles to generate ctrl_rden signal for 
PHY. 


if RDEN_SEL is 0, ctrl_rden is the same timing as 
dfi_rddata_en 
000 : same as ctrl_rden 
RDEN_SEL 001 : 1 cycle delay 
010 : 2 cycles delay 
011 : 3 cycles delay 
100 : 4 cycles delay 
101 : 5 cycles delay 
110 : 6 cycles delay 
111: 7 cycles delay 


The dfi_rddata_en signal will be delayed for 
GATE_SEL cycles to generate ctrl_gate signal for 
PHY. 


If GATE_SEL is 0, ctrl_gate is the same timing as 
GATE SEL dfi_rddata_en 

e 00: same as dfi_rddata_en 

e 01:1 cycle delay 

e 10: 2cycles delay 

e 11:3 cycles delay 


The ctrl_resync signal will be asserted for one cycle 
RESYNC_SEL 4’h0 when dfi_ctrlupd_req remains active for 
RESYNc_SEL cycles. 
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h To support eight bank mode, memory address A13 
SARIN) || Beek eno | will act as BA2 if this bit is 1. 


The dfi_wrdata will be delayed for WDAT_SEL to 
cae ee jem generate ctrl_data for PHY. 


Table 75: MEMCIF_TIM_CONFIG — OFFSET: 0x200 


e MEMCIF_DLL_START — OFFSET: 0x204 


[be [hone [Banat [oescipion 


This bit controls PHY interface signal ctrl_start 
i When setting this bit to 1, ctrl_start signal is high to 
ORIN) | START tee make the DLL run and lock. 
When setting this bit to 0, DLL stops running. 


Table 76: MEMCIF_DLL_START — OFFSET: 0x204 


e MEMCIF_DLL_STATUS — OFFSET: 0x208 


[se Juone 


Status of PHY interface signal ctrl_clock. It means 

DLL coarse lock 

{CLOCK, FLOCK} 
’b00 = DLL is not locked. 

24 (R) CLOCK ’b01 = Impossible value. 

’b10 = DLL is locked and phase error is less than 
160ps 
’b11 = DLL is locked and phase error is less than 
80ps. 


Status of PHY interface signal ctrl_flock. It means DLL 
fine lock 


Status of PHY interface signal ctrl_lock_value. It 
means locked delay line encoding value 

9:0 (R) LOCK_VALUE 10°hO 
e Bit[9:2] : number of delay cells for coarse lock 
e Bit[1:0] : control value for fine lock 


Table 77: MEMCIF_DLL_STATUS — OFFSET: 0x208 
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This bit controls PHY interface signal ctrl_dil_on. 


This bit should be kept high for normal operation. 
When set this bit to 0, DLL is turned off and ctrl_clock 
and ctrl_flock become high. This bit should be kept set 
before seting START in MEMCIF_DLL_START 
register. 


When DLL_ON is low, this field is used for DLL to 
generate phase shifted clock instead of 
ctrl_lock_value[9:2] 


Increase amount of start point for DLL to trace lock. 
Recommended values: 
INCREMENT e 100MHZz: [8’h10, 8’h4f] 
e 133MHz: [8'h10, 8’h3b] 
e 166MHz: [8’h10, 8’h2f] 
e 200MHz: [8’h10, 8’h28] 
Initial DLL start point for DLL to trace lock. This is 
number of delay cells. 
Recommended values: 
START_POINT © 100MHz: [8’h10, 8’h4f] 
e 133MHz: [8'h10, 8’h3b] 
e 166MHz: [8’h10, 8’h2f] 
e 200MHz: [8’h10, 8’h28] 


Table 78: MEMCIF_DLL_CONFIG1 — OFFSET: 0x20c 


e MEMCIF_DLL_CONFIG2 — OFFSET: 0x210 


This field controls GATEout signal delay amount. 
GATEout signal is used to generate clean read dqs 
signal. 

*p000: T/128 

’b001: T/64 

SHIFTC ’b010: T/32 

’b011: T/16 

’b100: T/8 

’b101: T/4 

’b110: T/2 

’b111: T 


18:16 
(RW) 
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[Bi [one —[eteut [Beserpton 


GATEout signal offset amount. 

OFFSETC{[6] = 1: 

GATEout delay amount — OFFSETC[5:0}*tFS 
44-8 OFFSETC[6] = 0: 
(RW) OFFSETC ThO GATEout delay amount + OFFSETC[5:0]*tFS 

if HALF = 0 

tFS = tCK/LOCK_VALUE[9:0] 

if HALF = 1 

tFS = tCK*0.5/LOCK_VALUE[9:0] 


Offset amount for 270 degree clock generation 
OFFSETD{6] = 1: 

OFFSETD 270 degree clock delay amount — FFSETD[5:0]*tFS 
OFFSETD[{6] = 0: 
270 degree clock delay amount + OFFSETD[5:0]*tFS 


6:0 
(RW) 


Table 79: MEMCIF_DLL_CONFIG2 — OFFSET: 0x210 


e MEMCIF_DLL_CONFIG3 — OFFSET: 0x214 


90 degree clock in rd_slice_3 offset amount. 
OFFSET3{6] = 1: 

90 degree delay amount — OFFSET3[5:0]*tFS 
OFFSET3{6] = 0: 

90 degree delay amount + OFFSET3[5:0]*tFS 


90 degree clock in rd_slice_2 offset amount. 
OFFSET3{6] = 1: 

OFFSET2 7hO 90 degree delay amount — OFFSET3[5:0]*tFS 
OFFSET3{[6] = 0: 
90 degree delay amount + OFFSET3[5:0]*tFS 


OFFSET3 


90 degree clock in rd_slice_1 offset amount. 
OFFSETS3{[6] = 1: 

90 degree delay amount — OFFSET3[5:0]*tFS 
OFFSET3{[6] = 0: 

90 degree delay amount + OFFSET3[5:0]*tFS 


90 degree clock in rd_slice_0 offset amount. 
OFFSET3{[6] = 1: 


OFFSET1 


6:0 
OFFSETO 
(RW) 
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Table 80: MEMCIF_DLL_CONFIG3 — OFFSET: 0x214 


e MEMCIF_PHY_CONFIG — OFFSET: 0x218 


If this bit is set, PHY stats 32-bit CRC generation 
according to control and address 
signals(ctrl_adct[18:0], ctrl_ras, ctrl_cas, ctrl_we and 
ctrl_cke). If this bit is cleared, it stops CRC generation. 


This field controls FNC Feedback test mode when 
PHY interface signals {mode_phy, mode_nand, 
mode_scan, mode_bypass, mode_mux} is 5’b00000 


2'b0x: Normal operation mode. 
2’b10: External FNC Feedback test mode. 
2'b11: Internal FNC Feedback test mode. 


If this bit is set, low-speed mode for DLL will turn on, 
DLL can run at low speed (80MHz ~ 100MHz). 


Table 81: MEMCIF_PHY_CONFIG — OFFSET: 0x218 


e MEMCIF_ADB_CHECK — OFFSET: 0x21c 


[Bi [hone = eteak[Besernton 


This field is output of 32-bit CRC for 
31:0 ctrl_adct[18:0], ctrl_ras,ctrl_cas, ctrl_we and 
ADB_CHECK 32’h0 ctrl_cke (CRC is generated while ctrl_adb_en 
(R) is high). This field is used for the chip test 
purpose. 


Table 82: MEMCIF_ADB_CHECK —- OFFSET: 0x21c 
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SYSTEM CONTROL MODULES 


Mode Configuration Pins 


The mode configuration pins (X_TEST_MODE[5:0]) control the mode of SiRFatlasV, as listed in the table 
below. 


When SiRFatlasV is set to Normal, ARM JTAG or Function ATE mode, X_TEST_MODE [3:0] will control 
the boot configuration. 


X_TEST_MODE[5:0] pins has no internal pull-up/down resistor, so there is no default value when the 
system is powered on. It is recommended to use 0~10Kohm resistor to pull-up/down these pins. 


X_TEST_MODE[3:2] X_TEST_MODE[1] 


2'b00: Embedded ROM NAND boot | 10: 8-bit 
(SLC) 


1'b1: LBA-NAND 


2'BOO: Normal 2'b01: NAND boot (SLC) 1'bx: Don't Care 
2'B01: Normal With 

ARM JTAG 
2'B10: Function 1'b0: ECC 12-bit per 


1KB 
ATE 2'b10: Embedded ROM NAND boot 


(MLC) ; 
1'b1: ECC 24-bit per 
1KB 


2'b00: Scan mode 


2'B11: TEST 1’b0: NandTree 
MODE 1’b0: Boundary Scan 
1’b1: BSD 
2'b10: Chip test 1 4’bO: BIST 


1’b1: Macro TestO 1’b1: eFuse 
(x_reset_b = 1'b0) 


a - 1'b0: USB PHY 
2'b11: Chip test 2 1'bO: Macro Test stand alone test 
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Working Mode Sub Mode 


fant __is b1: TSC/PLL test 

pt b0: MEM PHY 
1’b1: Macro Test2 test 

1’b1: Reserved 


Table 83: Mode Configure Table 


Clock Controller 


Overview 


The clock controller module is used to control PLL and generate block clocks, which consists of four 
sources, XINW (32KHz), XIN (24MHz), PLL1 clock and PLL2 clock. There are four reference clock groups 
(ck_cpu_rf, ck_sys_rf, ck_mem_rf, and ck_sd_rf) which can select iis own clock source, six clock groups 
(CPU, SYS, DSP, I/O, MEM, SD) which can set up its clock divider. Every block clock is gated through 
the clock controller module. 


Feature List 


e  Glitch-free source clock switch 
e  Glitch-free clock divide 

e Glitch-free clock gating 

e RISC I/O interface 

e PLL control 


Pin Description 


External Pin Descriptions 


vO Default 


a CC ES 


a a 
gresets [rf Pew satin 


Table 84: Clock Controller External Pin Descriptions 
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Block Diagram 
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RTC 
clock H 
sewn — [—| | ck_cpu_rf di To_cpu 
a _Cpu_ iv — z 
cloc PLLD ia 1~1/64 cik_721 
Bice i os 
To_dsp 
clk_521 
| ck_sys rf div To_sys 
pe 1-4/16 clk_521 7 
| clk 621 L2 
| j|ck_mem_rf div To_mem 
Hp 1~1/16 clk_521 
ck_sd_rf div To_sd 
1/2~1/512 
Figure 3: CLKC Block Diagram 
CLKC 
CLK_MUX_421 


There are six 4 to 1 MUXs, one for each of the following clock domains: CPU clock, system clock, 
memory clock, SDC clock, CKO_0, and CKO_1. 


Each MUX contains four input clock sources: 


e High-speed oscillator (X_XIN) 
e Real-iime oscillator (X_XINW) 


e PLL #1 (PLL1) 
e PLL #2 (PLL2) 
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There is a 2-bit select signal for each MUX to choose one of the four input sources. These signals are 
controlled by the CLKC_CLK_SWITCH register. The most important feature is that the switch should be 
set glitch-free. 


PLLTOP 


This block is the PLL (Phase Locked Loop) analog part where there are two similar PLL analogs in the 
module. 


The PLL is a PLL frequency synthesizer. The PLL provides frequency multiplication capabilities. Its output 
clock frequency FOUT is related to the input clock frequency FIN by the following equation: 


FOUT = (m x FIN) / (p x 24s) 


Where FOUT is the output clock frequency and FIN is the input clock frequency. M, P and S are the 
decimal values for programmable dividers. PLL consists of a PFD (Phase Frequency Detector), a Charge 
Pump, a VCO (Voltage Controlled Oscillator), a 6-bit Pre-divider, a 10-bit Main-divider and a 3-bit Post- 
scalar 


e Feature 
-  1.2V single power supply 
- Output frequency range: 40MHz ~ 1000MHz 
- Duty ratio: 40% to 60% (all tuned range) 
— Power down mode 
- Bypass mode (FOUT=FIN) 
— Programmable dividers 


e = Electrical characteristics 


Ee 
PLL period jitter 60ps@1G 


Table 85: PLL Electrical Characteristics 


e PLL programming guide 


- Even after PLL power supply becomes stable at t1. RESETB must keep the logical low for 
enough time (At >1us) 


- Whenever any register value is updated, PLL needs a period called “Locking Time” to 
generate a target frequency. Actually PLL generates an unknown frequency during the 
“Locking Time”. However, PLL behavioral model is described to generate the low state during 
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this period to prevent a simulation problem. It is recommended to disable PLL clock path 
during “Locking Time’. 


Enable Power tt PLL Power Supply 
Supply 


I 
| 
Pt 
: \ 
At M_t 
Soi 
| 
| 
| 
1 At 
Initialize a: 4 — 
RESETB__|RESETB! /\ 
12 
| 
| n 
[rout | ze es 
FOUT i HI 
Locking time Locking time 


Figure 4: PLL Program Timing 
Register Definitions 


Register Address Mapping 


Base Address 


Access Type Address Mapping 


Clock controller register base address through RISC I/O 0x90080000 


Table 86: CLKC Interface Address Mapping 


Register Mapping 


a 


Table 87: Register Mapping 
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Register Descriptions 


e Clock Controller Clocks Enable Register (CLKC _CLK_EN) — 0x000 


Users can enable/disable the clock of majority logic in SiRFatlasV, except the RISC core, memory 
controller, and some other system control modules. 


DSP Core clock enable: 
0 (R/W) DSP_EN 1'bO 1: Enable 
0: Disable 


1 (RW) | ROMEFUSE_EN ROM Controller and EFUSE clock enable 

2(RIW) | DMA_EN DMA Controller clock enable 

3(RIW) | LCD_EN LCD Controller clock enable 

4(RW) | GPS_EN GPS clock enable 

Se CC 
6(RIW) | PCICOPY_EN PCI_COPY clock enable 

2 Ck 7 
8 (RW) | CODEC_EN CODEC clock enable 

9(RW) | UARTO_EN UARTO clock enable 

10 (RW) | USPO_EN Serial Port 0 clock enable 

11 (RW) | USP1_EN Serial Port 1 clock enable 

12 (RW) | SPILEN SPI Port clock enable 

a 
14 (RW) | UART1_EN UART1 clock enable 

ES SO 
16 (R/W) | VPP_EN Video Preprocessor clock enable 

17 (RW) | SDIO01_EN SDI001 interface clock enable 

18 (R/IW) | NAND_EN NAND Flash interface clock enable 

49 (RW) | 1I2C_EN CO and 17C1 interface clock enable 
CC 
21 (RW) | GPIO_EN GPIO clock enable 

22 (RW) | PCI_EN PCI clock enable 

: 
: 


en 
KECi 


on 
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26 (RW) | USB_EN USB clock enable 


) 
) 


[et [Nae [stun | ——~S~Cnon 
27 
28 
29 


30 (R/W) | SDIO23 SDIO23 interface clock enable 
31 (R/W) | MF_EN Match filter clock enable 


Table 88: Clock Controller Clocks Enable Register (CLKC_CLK_EN) 


e Clock Controller PLL1 Configuration Register (CLKC_PLL1_CONFIG) — 0x008 


Both PLL1 and PLL2 can be programmed to different frequencies. Users need to make sure that 
the clock source has been switched to another PLL when programming a PLL. Switch back the 
clock source only after the PLL is stable. 


Clock frequency is determined by the following equation: 


NOTE — FOUT = (m x FIN) / (p x 24s) 


For example, if FIN = 12MHz, and m = 250, p = 3, s = 1, then the PLL output will be 500MHz. 


PLL Output frequency range: 40MHz - 1.0GHz 


Reset the PLL before using it, for example: 


CHING IP IaT 


EO (LO I= 


;io i<=PLL STABLE TIME;io i++); 


eCLKC. PIT 
me UNC. Dials 


_CONFIG = PLL_500M; 
2 CONRIG/$ PLL2 332M; 


1fOw (1O©_ i= 


l;io i<=PLL STABLE TIME;io i++); 


_CONFIG |= 0x2000000; // clear reset 


// Wait 300us 


// Wait 300us lock time 


10’h190_ | Value of 10-bit programmable main-divider. 
SS a 


Value of 6-bit programmable pre-divider. 
Value of 3-bit programmable post-scale. 


4'b4 1: Bypass the PLL. 
0: Not bypass the PLL. 
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[Name [Beta [—SSSC«anvon 
a 
[reo reeves 


Reset control: 
25 (R/W RESETB | 1’b0 1: No reset. 
0: Reset. 
reser 


Table 89: Clock Controller PLL1 Configuration Register (CLKC_PLL1_COWNFIG) 


24 (RW) 


e Clock Controller PLL2 Configuration Register (CLKC_PLL2_CONFiG) — O0x00c 
It is totally same as PLL1 configuration. 


Description 


Value of 10-bit programmable main-divider. 
Value of 6-bit programmable pre-divider. 
Value of 3-bit programmable post-scale. 


4'b4 1: Bypass the PLL. 
0: Not bypass the PLL. 


) 
) 


Reset control: 
25 (R/W) RESETB | 1’b0 1: No reset. 
0: Reset. 


Table 90: Clock Controller PLL2 Configuration Register (CLKC_PLL2_CONFIG) 


e Clock Controller System CLK Ratio Register (CLKC_SYS_RATIO) — 0x010 


This register is used to configure the clock frequency by programming the divide parameter from 
the clock source. 


The time between pre-write and next-write, the registers should at least 4 times the lowest clock 
frequency cycle. 
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For example: Assume that the CPU_CLK 0 division is 500 MHz, 2-ns period, and you are writing 
the register to switch it into 3 divisions. After writing CPU_RATIO, you should wait at least 512 ns 
(2 ns X 64 X 4) before you can write to the register again. 


[besernion 


The clock ratio PLL_OUT": 
3:0 (RW) CPU_RATIO<3:0> 4’h0 


PLL_OUT:DSPCLK ratio 
0: 1 
1:1/2 
7:4 (RW) DSP_RATIO<3:0> 4’hO 
2: 1/4 
3: 1/8 
4: 1/16 


Tisimmy [Sve RTO [ano | PA_OUTSYSCLKTao ane as05F) 
[sa wy lo. RaTIO<t> [ahd [PL_OUTIOGUKrato one w 05) 
[26 wy [MEM_RATIO-30> [Wd | PL_OUTENCLKrato are os D5F) 
EE a 


Table 91: Clock Controller System CLK Ratio Register (CLKC_SYS_RATIO) 


The constraints below must be followed: 


- The frequency of DSPCLK can only be 1X 2X or 4X of SYSCLK. 
- The frequency of |OCLK can only be 1X, 1/2X or 1/4X of SYSCLK. 


NOTE —- Any configurations that violate the above constraints will create unexpected results. 


* PLL_OUT is determined by CLKC_CLK_SWITCH register: it can be 24MHz crystal, 32KHz crystal, PLL1, or PLL2. 
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e Clock Controller Peripheral CLK Ratio Register (CLKC_PRF_RATIO) — 0x014 
This register is used to configure the clock frequency by programming the divide parameter from 


the clock source. 


PLL_OUT: SD CLK ratio (range from 1/2X to 1/512X) 
Fout = Fin / ((SD_RATIO + 1) x 2) 


[Rees 


Table 92: Clock Controller Peripheral CLK Ratio Register (CLKC_PRF_RATiO) 


7:0 (R/W) | SD_RATIO<7:0> | 8’hO 


e Clock Controller Clocks Switch Register (CLKC_CLK_SWITCH) — 0x018 
The time between pre-write and next-write the registers should be at least four times of the 32KHZ 


clock cycle intervals. 


| Default 
CPU clock source select. 
00: 24MHz crystal. 
1:0 (R/W) | CPU_CS | 2’b00 01: Select PLL1 as the system clock source. 
10: Select PLL2 as the system clock source. 


11: 32KHz. 


3:2 (RW) | SYS_CS | 2'b00 System Clock Source Select. Definition is the same as the above. 

5:4 (R/W) | MEM_CS | 2'b00 Memory Clock Source Select. Definition is the same as the above. 

7:6 (RW) | SD_CS 2'b00 SD Clock Source Select. Definition is the same as the above. 
Ea 


Table 93: Clock Controller Clocks Switch Register (CLKC_CLK_SWITCH) 


Power Controller 


Overview 


Power controller (PWRC) is used to control the deep sleep/hibernation and wake-up process and memory 
pad retention function. SiRFatlasV can be woken up by key and RTC. The glitch removing logic is also 
involved. PWRC can control the power according to sleep/wakeup mode through power enable and dram 
enable pins. For sleep, SiRFatlasV support deep sleep mode and hibernation mode. In deep sleep mode, 
the memory will be in self-refresh mode; while in hibernation mode, the memory will be power down. 
PWRC siill support low battery control function. 


Feature List 


e Deep-sleep, hibernation, and wake-up control 
e RISC I/O interface 
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Pin Description 


External Pin Descriptions 


All chip powers except 

: SYSTEM VDD_RTC/VDDIO_RTC/VDDIO_ 
MEM control signal 

X DRAM EN Output low Control memory chip and memory 
I/O power 

B 


X_EXT_ON Extension sleep/wakeup control 


LOW_BAT Battery low power pin 
ae RST. RTC domain reset signal 


Table 94: PWRC External Pin Description 


I: 
X_ON_KEY_ Main sieep/wakeup key 
LOW 


Functional Descriptions 


Function Modes 


SiRFatlasV comes with multiple power status/modes as described below. 


e RTC cold boot 


Chip power on at first time. In the mode, only VDD_RTC (including its I/O) has power which 
includes SYSRTC and PWRC function. 


e Normal mode 
Chip goes into normal usage. In the mode, all powers are on. 


e Deep-sleep mode 
In this mode, VDD_RTC (including its I/O) has power, and memory pads (VDDIO_MEM) also has 
power, which works in retention mode to keep a fix status. Other powers are off. 


e Hibernation mode 
Same as deep-sleep mode except memory pads also power off. 
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rtc_rst_b 


rtc_rst_b||156 


Figure 5: SiRFatlasV Function Mode Switch Diagram 


Mode State Description 


RTC_COLDBOOT: When x_rtc_rst_b is valid or x_on_key_b 15s event happen, the chip will back to the 
state. In the state, x_system_en and x_dram_en will be invalid. 


NORMAL_MODE: All power on and normal run state. In the state, x_system_en and x_dram_en will be 
valid. 


DSLEEP_MODE: Keep deep-sieep or hibernation mode. In the state, x_system_en will be invalid, and 
x_dram_en is valid or not according to deep sleep mode or hibernation mode. 


Mode Switch Description 


1. After the VDDRTC first power on, when x_rtc_rst_b is valid, the chip will go into RTC_COLDBOOT 
state. 

2. In RTC_COLDBOOT, if PWRC detect that x_on_key_b is low level over 320ms or x_ext_on is 
high level over 320ms, and there is no low battery event happen, then the state will switch to 
NORMAL_MODE. For 15S reset event, it first needs invalid x_on_key_b to end the 15S event, 
then re-check 320ms low level. (Point A in the above figure.) 

3. In NORMAL_MODE, if PWRC detects that x_on_key_b has a negative edge and keeps for 320ms 
after de-bounce or x_ext_on has a positive/negative edge and keeps for 320ms after de-bounce or 
low battery event, the PWRC can generate interrupts to notify software, then software will 
configure PWRC into deep-sleep or hibernation mode. (Point B in the above figure.) 
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4. InDSLEEP_MODE, if PWRC detect x_on_key_b has a negative edge and keeps for 320ms after 
de-bounce or x_ext_on has positive edge and keeps for 320ms after de-bounce or RTC alarm, 
and there is no low battery event, then the PWRC will switch to NORMAL_MODE state. (Point C 
in Figure 5.) 


In any state, if x_on_key_b detects a 15 second low level, the state will switch to RTC_COLDBOOT. 
Register Definitions 


Register Address Mapping 


Base Address 


Access Type Address Mapping 


PWRC internal register base address through RISC I/O 0x9006c000 


Table 95: PWRC Interface Address Mapping 


Register Mapping 


RISC Address ‘ Or 
0x0000 PWRC_PDN_CTRL PWRC Power Down Control 
0x0004 PWRC_PON_STATUS PWRC Power On Status 


0x0008 PWRC_TRIGGER_EN PWRC Trigger Enable 


Table 96: Register Mapping 
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Register Descriptions 


e PWRC Power Down Control Register (PWRC_PDN_CTRL) — 0x0000 


[be [Wome ————*Yetat [Deserve 


Power down control 

1: Begin to go into deep sleep or hibernation mode 
O(R/W) | START_SLEEP 0: Reserved 

Note: When software writes 1, the PWRC will 

begin deep sleep or hibernation and the bit will be 

cleared by hardware. 


Power-down mode 
1 (RW) PDN_MODE 1’b0 1: Hibernation mode 
0: Deep-sleep mode 


Memory pad retention control 

When power mode is deep sleep mode, the 

hardware will automatically set this bit and let 

memory pads keep a program status in power 

down mode. After wakeup, software should clear it 
2 (RW) DRAM_HOLD before using memory. After clearing it, software 

should wait for at least 10us to ensure the memory 

pads stable. 

1: Do not set to 1, and let the hardware set it. 

0: Clear it 


Table 97: PWRC Power down Control Register 


e PWRC Power On Status Register (PWRC_PON_STATUS) — 0x0004 


[Be [hene =‘ [Desernton 


1: Wakeup from deep sleep or hibernation 
0 (RW) WARM_BOOT 0: Cold boot 
Writing 0 will clear it. 


Trigger to power on by ON_KEY event 
1(RW) | ON_KEY 1'bo 1: Happen 
7 0: Not happen 
Writing 0 will clear it. 
1: Happen 
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2 Not happen 
Writing 0 will clear it. 


Trigger wake-up by the RTC alarm0 event. 
1: Happen 
3 (R/W) RTC_ALARMO 
0: Not happen 
Writing 0 will clear it. 


Trigger wake-up by the RTC alarm’ event. 
1: Happen 

0: Not happen 
oe 0 will clear it. 


4 (RM) RTC_ALARM1 


Table 98: PWRC Power on Status Register 


e PWRC Trigger Enable Register (PWRC_TRIGGER_EN) — 0x0008 


Enable X_ON_KEY_B to trigger to wakeup in 
deep sleep/hibernation mode or generate interrupt 


ON KEY EN in normal mode 
oo 1: Enable 


0: Disable 


Enable X_EXT_ON to trigger to wakeup in deep 

sleep/ hibernation or generate interrupt in normal 
EXT_ON_EN mode 

1: Enable 

0: Disable 


Enable RTC alarm0 to trigger to wakeup 
RTC_ALARMO_EN 1: Enable 

0: Disable 

Enable RTC alarm1 to trigger to wakeup 
RTC_ALARM1_EN 1: Enable 

0: Disable 


Enable X_LOW_BATT_B to trigger to generate 
interrupt in normal mode 
LOW_BATT_EN ; 
1: Enable 
0: Disable 
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Table 99: PWRC Trigger Enable Register 


e PWRC Interrupt Status Register (PWRC_INT_STATUS) — 0x000C 


a 


1: Interrupt happen 
1 (RW) ON_KEY 

0: Clear 

1: Interrupt happen 
2(RW) | EXT_ON ak 

0: Clear 


1: interrupt happen 
5 (R/W) LOW_BATT 
0: Clear 


Table 100: PWRC Interrupt Status Register 


e PWRC Interrupt Mask Register (PWRC_INT_MASk) — 0x0010 


a i 


0: Mask the interrupt 
1 (RW) ON_KEY 

1: Not mask 

0: Mask the interrupt 
2 (RW) EXT_ON 

1: Not mask 


0: Mask the interrupt 
5 (R/W) LOW_BATT 
1: Not mask 


Table 101: PWRC Interrupt Mask Register 


Reserved 
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Table 102: PWRC Pin Status Register 


e PWRC Scratch Pad Register (PWRC_SCRATCH_PAD) — 0x0018 


[ae [Wane ‘Yet [essen 


31:0 (R/W) | SCRATCH_PAD 32’b0 For software to save data. 


Table 103: PWRC Scratch Pad Register 


PWR (Power Management Module) 


Overview 
The PWR (Power Management Module) is used to control the TSC analog domain and the 
OSC/RF/CKO_0/1 pad. 
Feature List 
e RISC I/O interface 


Functional Descriptions 


The Module is only used to control the touch screen analog domain and 24MHz OSC pad, RF clock pad 
enable or disable, and CKO_0/1 pad source select. 
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Register Definitions 


Register Address Mapping 


Base Address 


Access Type Address Mapping 


PWR internal register base address through RISC I/O 0x90060000 


Table 104: PWR Interface Address Mapping 


Register Mapping 


foxooo0 PWR CONTROL Power management control register 


0x0004 PWR_OSC_CONFIG “ee oscillator configuration 


Table 105: PWR Register Mapping 


Register Descriptions 


e Power Management Control Register (PVWWR_CTRL) — 0x0000 


[ee [Name ———~*Yefautoeseipion 


0: Disables the touch screen pen detect 
3 (R/W) PEN_DETECT EN 1’b0 


function. 


1: Enables the touch screen pen detect 
function. 


0: Pad is for other use. 
1: Pad is for RF_CLK input. 


For more detail, please check pin share 
document. 


0: Touch screen power isolation disabled. 
1: Touch screen power isolation enabled. 

4 (RW) TSC_ISO_EN 1'b1 NOTE: Before disabling the touch screen 
power isolation, the power of touch screen 
should be power on. 


5 (RW) PAD_RF_CLK_EN 1’b1 
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ems |et Peee 


0: Pad X_CKO_0 does not select 32KHz 
(XINW) clock output. 

7 (RW) CKO_32K_EN 1’b0 
1: Pad X_CKO_0O selects 32KHz (XINW) clock 
output. 


0: Pad X_CKO_0 does not select 24MHz (XIN) 
clock output. 
1: Pad X_CKO_0 selects 24MHz (XIN) clock 

8 (R/W) CKO_24M_EN 1’b0 output. 
NOTE: If CKO_32K_EN is valid, no matter 
CKO_24M_EN is valid or not, the CKO outputs 
32KHz clock. 


6 


Table 106: Power Management Control Register (PWR_CTRL) 


e Power Management Oscillator Configuration Register (PWR_OSC_CONFIG) — 0x0004 


[st __ [Rane [Dstt oes 


Force 24MHz oscillator power down. 
3 (RW) OSC FD 4'bO Used to force a 24MHz oscillator power down during normal 
~ operating mode. Before enabling this bit, switch the clock source 
to the 32KHz oscillator. 


«Rw OPON 


Table 107: Power Management Oscillator Configuration Register (PWR_OSC_CONFIG) 
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RSC (Resource Sharing Control Module) 


Overview 


The RSC (Resource Sharing Module) is used to control PAD-MUX and PAD driving strength. The PAD- 
MUX is for the chip’s pad share logic. The pad function is determined by the control register (configured 
by software). 


Refer to the PAD MUX section for more details. 


e Pad MUX Program 
Software will determine which device uses the pad. Program the static pad mux as below: 


- Write RSC_PIN_MUxX to switch the pad MUX to the right device controller (Codec’s pad MUX 
control signal exists in the codec controller, this is because AC97 and IS are both in the same 
module) 


- Check if the GPIO pad enable needs to be configured. 
- Start related device controllers such as SPI, PWM, and so on. 


Feature List 


e Static selection for PAD share 
Register Definitions 


Register Address Mapping 


Base Address 


Access Type Address Mapping 
RSC internal register base address through RISC I/O 0x90030000 


PADCTRL internal register base address through RISC I/O 0x90034000 


Table 108: RSC Interface Address Mapping 


Register Mapping 


En a 
a 
foowe ene 
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Table 109: RSC Register Mapping 
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Register Descriptions 
e Pin Multiplex Register (RSC_PIN_MUX) — 0x4 


IS external clock enable: 
PAD_I2S_EXTCLK_EN 0: x_usclk_0O 
1: i2s_extclk 


?S 6channel enable: 
PAD_I2S_6CHN_EN 0: USP interface 
1: ’S data[2:1] interface 


USB VBUS control pin enable: 
PAD_UTMI_DRVVBUS_EN 1’b0: x_utfs_0 
1’b1: USB utmi drvvbus 


Reserved 


?S MCLK pin enable. 
5 (RW) PAD_12S_MCLK_EN 0: CKO_1 uses the pin 
1: MCLK uses the pin 


ROM interface enable. 
21 (R/W) PAD_ROM_EN 1’bO 1’b0: LCD interface. 
1’b1: ROM interface. 


SPI enable. 
22 (R/W) PAD_SPI_O_EN 1’bO 1’b0: SD 3 interface. 
1’b1: SPI interface. 
SD2 interface enable. 
23 (RW) PAD SD2_EN 1’b0 1’b0: SDO or NAND interface decided by boot 
mode. 
1’b1: SD2 interface. 


UARTO stream control enable 


1’bO: USP or I?S 6 channel interface decided 
by PAD_I2S_6CHN_EN. 


1’b1: UARTO steam control interface. 


X_URXD_1, X_UTFS_1 output source control: 
28 (R/W) PAD_SPK_EN 1’bO used as other function 
1’b1 used as speaker 


20:6 


24 (R/W) PAD_UARTO_STREAM_EN 


27:25 


August, 2010 SiRF Datasheet — Proprietary and Confidential 79 


A SiRFatlasV 


Dadicenoes AT551 Datasheet 


NOTE: If GPIOO_PAD_EN[26:25] == 2’b11, 
the pads are used as GPIO even if 
PAD_SPK_EN is 1’b1. 


X_USCLK_1, X_UTXD_1 output source 
control: 
e 1’b0 is used as other function 

29(R/W) | PAD_LHEADPHONE_EN e 1'b1 is used as headphone 
NOTE: If GPIOO_PAD_EN([24:23] == 2’b11, 
the pads are used as GPIO even if 
PAD_HEADPHONE EN is 1’b1. 


Table 110: Pin Multiplex Register (RSC_PIN_MUX) 


e PAD Output Group 0 Register (PADCTRL_PAD_OUTO) — 0x4000 


[ei _[Wone_[osout [oesorpion 


They are used to control pad output value before entering 
deep-sleep mode. Configure them before writing deep- 
sleep commands. 
e 1’b0: lf PADCTRL_PAD_OEO related bit is 1’b1, the 
[31:0] (RAW) | PAD_OUT[31:0] |} 32’hO pad will output 0 
1’b1: If PADCTRL_PAD_OEO related bit is 1’b1, the 
pad will output 1 
For the bit relationship between PADCTRL with pin name, 
see the Pin Share Table. 


Table 111: PAD Output 0 Register (PADCTRL_PAD_OUTO) 


e PAD Output Group 1~7 Register (PADCTRL_PAD_OUT1~7) — 0x4004~0x401C 


[ai [Wene —Ystaat [Descipion 


PAD_OUT[63:32] 

They are used to control pad output value before 
PAD_OU7[95:64] entering deep-sleep mode. Configure them before 
PAD_OUT[127:96] writing deep-sleep commands. 

e 1’b0: If PADCTRL_PAD_OE1~7 related bit is 1’b1, 


[31:0] (R/W) | PAD_OUT[159:128] the pad outputs 0. 


1’b1: If PADCTRL_PAD_OE1~7 related bit is 1’b1, 
PAD_OUT[191:160] : jeccecumicie 


PAD _OUT[223:192] For the bit relationship between PADCTRL with pin 
name, see the Pin Share Table. 
PAD _OUT[255:224] 
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Table 112: PAD Output 1~7 Register (PADCTRL_PAD_OUT1~7) 


e PAD Output Enable Group 0 Register (PADCTRL_PAD_OEO) — 0x4020 


[be [ene [beta [omscipion 


They are used to control pad output enable before 
entering deep-sleep mode. Configure them before writing 
deep-sleep commands. 


[31:0] (R(W) | PAD_OE[31:0] 32’hffffffff | ¢ 1'b0: The pad is input. 
e 1’b1: The pad is output. 


For the bit relationship between PADCTRL with pin name, 
see the Pin Share Table. 


Table 113: PAD Output Enable 0 Register (PADCTRL_PAD_OEO) 


e PAD Output Enable Group 1~7 Register (PADCTRL_PAD_OE1~7) — 0x4024~0x403C 


Ea 
They are used to control pad output enable before 
pare ee aia aaa 

[31:0] (R/W) e 1’b0: The pad will be as input. 


PAD OE[255:224] e 1’b1: The pad will be as output. 


For the bit relationship between PADCTRL with pin 
PAD_ OEF[159:128] | 32’ 7fffffff name, see the Pin Share Table. 
PAD_ OEF[191:160] _ | 32’hfffffffa 


Table 114: PAD Output Enable 1~7 Register (PADCTRL_PAD_OE1~7) 


e PAD Pull Select Group 0 Register (PADCTRL_PAD_PS0O) — 0x4040 


[sr [one [soak [oesonpion 


They are used to control pad input pull type when pull 
enabled before entering deep-sleep mode. Configure 
them before writing deep-sleep commands. 


[31:0] (RAV) | PAD_PS[31:0] 32’hO e 1’b0: The pad is pull-low. 
e 1’b1: The pad is pull-high. 


For the bit relationship between PADCTRL with pin name, 
see the Pin Share Table. 


Table 115: PAD Pull Select Group 0 Register (PADCTRL_PAD_PS0) 
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e PAD Pull Select Group 1~5 Register (PADCTRL_PAD_PS1~5) — 0x4044~0x4054 


| PAD_PS[63:32] | —— 32] 


They are used to control pad input pull type 
PAD_ PS[95:64] when pull enabled before entering deep-sleep 
mode. Configure them before writing deep- 
PAD_ PS[127:96] sleep commands. 


[31:0] 
(R/W) PAD _ PS[1 59:128] e 1’b0: The pad is pull-low. 

e 1’b1: The pad is pull-high. 

For the bit relationship between PADCTRL with 


PAD_ PS[191:160] pin name, see the Pin Share Table. 


Table 116: PAD Pull Select Group 1~5 Register (PADCTRL_PAD_PS1~5) 


e PAD Pull Enable Group 0 Register (PADCTRL_PAD_PEO) — 0x4058 


[ee [Nave __[Beeuk [Bescon 


They are used to control pad input pull enabled before 
entering deep-sleep mode. Configure them before writing 
deep-sieep commands. 

[31:0] (R/W) | PAD_PE[31:0] 32’hO e 1'b0: The pad pull is disabled. 
e 1’b1: The pad pull is enabled. 
For the bit relationship between PADCTRL with pin name, 
see the Pin Share Table. 


Table 117: PAD Pull Enable Group 0 Register (PADCTRL_PAD_PE0O) 


e PAD Pull Enable Group 1~5 Register (PADCTRL_PAD_PE1~5) — 0x405c~0x406c 


PAD_ PE([63:32] They are used to control pad input pull 
enabled before entering into deep sleep 
PAR_ VE[95:64] mode. You need configure them before write 
31:0] PAD_ PE[127:96] deep-sleep command. 


e 1’b0: The pad pull is disabled. 
Oe) Bee 2 Felioo 128 © 1’b1: The pad pull is enabled. 
For the bit relationship between PADCTRL 


PAD_ PE[191:160] , with pin name, please see Pin Share Table 
for detail. 
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Table 118: PAD Pull Enable Group 1~5 Register (PADCTRL_PAD_PE1~5) 


e PAD Driving Bit 0 Register (PADCTRL_PAD_CDO) — 0x4070 


[ome [bomut[oescipion SS 


: ‘ They are used to control pad driving bitO. The driving value 
14:0 (R/W) | PAD_CDO | 15’hbfcb depends on pad cell type. 


Table 119: PAD Driving Bit 0 Register (PADCTRL_PAD_CDO) 


e PAD Driving Bit 1 Register (PADCTRL_PAD_CD1) — 0x4074 


[None [Ostman [oesoipion 


; ‘ They are used to control pad driving bit1. The driving value 
14:0 (R/W) | PAD_CD1 15’nh0000 depends on pad cell type. 


Table 120: PAD Driving Bit 1 Register (PADCTRL_PAD_CD1) 


e PAD Memory Driving Register (PADCTRL_PAD_MEMPAD) — 0x4078 


[Be [Wane [teat [Desernton 


They are used to control memory pad (x_md, 
x_mdgs, x_mdqm) driving. The driving value 
depends on the pad cell type and voltage. 


When VDD=1.8v (typical): 


CD1=0,CD0=0 


1:0 (R/W) PAD_MEMPAD_ DATA | 2’b01 
CD1=0,CD0=1 


CD1=1,CD0=0 
CD1=1,CD0=1 


They are used to control memory pad (x_mclk_o, 

x_mclkb_o) driving. The driving value depends on 
3:2(RW) | PAD_MEMPAD_CLK | 2'01__ | the pad cell type and voltage. 

When VDD=1.8v (typical): 
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a 
CD1=0,CD0=1 
CD1=1,CD0=0 


CD1=1,CD0=1 


CD1=1,CD0=1 


ee 


Table 121: PAD Memory Driving Register (PADCTRL_PAD_MEMPAD) 


They are used to control memory pad (x_ma, 
x_mcke, x_mwe_b, x_mcas_b, x_mras_b, x_m_ba) 
driving. The driving value depends on the pad cell 
type and voltage. 
When VDD=1.8v oe 

5:4 (R/W) PAD_MEMPAD_CTRL | 2’b01 


Programming Guide 


Flowcharts for PADMUX Configuration 


The following flowcharts illustrate how the pad is configured. Every chart will have a ready state named 
Normal, which indicates the SoC chip is working in a normal state. 
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e Programming steps for general function pins are: 


Disable Gpio_pad_en 


({GPIO module) 


Static share? 


Yes 


Select function resource 
(sharing module) 


Specified function 
gets the pad 


Figure 6: Pad MUX Function Switch Flowchart 


In Figure 6, “GPIO share” indicates that the pads must be either MUXed as GPIO or other function 
pads before the register to disable its GPIO function is set. “Static share” means the pad function 
can be freely configured. 


e Programming steps for AC97/’S: 


Although AC97 and °S share the same PAD logic, however neither of which shares the same 
PAD logic with GPIOs. It is therefore recommended to configure the register to either AC97 or Ss. 


Select function 
(AC9TII?S module) 


Specified function 
gets the pad 


Figure 7: Pad MUX AC97II’S Switch Flowchart 
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e Programming steps for GPIO: 


Enable gpio_pad_en 
(GPIO module) 


GPIO gets the pad 


Figure 8: Pad MUX GPIO Switch Flowchart 


e Programming steps for PAD Controlling registers: 


The PAD control registers (PADCTRL_PAD_OUTn, PADCTRL_PAD_OEn, PADCTRL_PAD_PEn, 
and PADCTRL_PAD_PSn) are used to control all PAD’s status before system entering deep-sleep 
mode. The following diagram shows the PAD status changes and configures before the system 
entering into Deep Sleep Mode. 


Normal Mode ——__—___-+« Deep Slee 
orma e Mode Pp 


1 305use} 
adiig Sd State AO | State A1 


PAD status : 
exceptotmemay — SwieBO  X_ Saiosi_ [ SuteBO [TT] 
e305use} | 
x system_en 
x_dram_en 
core power power off 
/O power except power on power off 


of memory 1/O 
memory /O power always power on 


Figure 9: Pads Status before Entering Deep Sleep Mode 
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The PADs status in above figure: 


State AO 

Memory PADs status after the last memory operation before entering Deep-Sleep mode. This 
status is controlled by the memory controller. 

State BO 


PADs status except memory after the last PADs related function block operation before entering 
the deep-sleep mode. This status is controlled by the PADs function block. 


State A1 
Memory PADs status corresponding to the configuration of the PAD control registers. 


State B1 


PADs status except memory corresponding to the configuration of the PAD control registers. It is 
recommended to configure the State B1 same with the State BO for each PAD. 


For the PADs status before entering into Hibernation Mode, it’s not affect by the PAD control registers, as 
shown in the following diagram. 


Normal Mode pi< Hibernation 
Mode 


memory PADs 
status State AO 


1 
| 
1 
PADs status 
except of memory State BO 
x_system_en 


1 
if 
i) 
1 
i] 
i] 
1 
i) 
I 
1 
f 
t 
i] 
x_dram_en i 
1 


power on power off 


core power 


IO power except power off 


of memory IO 


power on 


power on 


power off 
memory |O power 


Figure 10: Pads Status before Entering Hibernation Mode 
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Reset Controller 


Overview 


The reset controller manages various reset sources in SiRFatlasV. The reset controller block controls all 
resets in SiRFatlasV except for the touch screen PHY and RTC reset. RISC can access it through RISC 
/O. 


Pin Descriptions 


External Pin Descriptions 


The following table shows the pins used in the reset controller and their functions. The reset controller 
pins are multiplexed with other devices. Because the default function of the pads is GPIO, you need to 
disable the corresponding GPIOx_PAD_EN if these pads are going to work in the reset controller function 
mode. 


poten Defauit Status Description 
Function 
X_GPIO_12 GPIO Input pull-up JTAG nsrst 


X_GPIO_14 GPIO Input pull-up JTAG nitrst 


X_SCAN_EN X_SCAN_EN Input pull-down | Scan mode enable 


x 6PI0 8 cio ‘| inputpullup 


Table 122: Reset Controller External Pin Descriptions 


Functional Descriptions 


Reset Type 


There are 7 reset types: 


e Power-on reset 


Power-on reset is asserted through the X_RESET_B pin which is intended to be used for power- 
on reset. It is a full-chip reset so that every register on the chip (except for the system RTC and 
touch screen PHY) will be reset to its default value and the content in the memory will be lost. 


e nSRST reset 


nSRST reset is asserted through the nSRST pin and is intended to be used for ICE reset the 
entire chip. It’s a full-chip reset so that every register on the chip (except for the cp14 registers in 
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arm1136 and RTC, power controller and touch screen PHY) will be reset to its default value and 
the content in the memory will be lost. 


e nTRST reset 


nTRST reset is asserted through the nTRST pin and is intended to be used for ICE reset the TAP 
controller. 


e =6Bist reset 


Bist-reset is asserted through the bistresetn pin that is intended to be used for cpu bist reset only. 
The output pin is rst_b[35]. 


e Software reset 


There is a RESET_SWR register which can be programmed by the user to reset most of the 
blocks on-chip. Users can choose to apply reset to each block separately. The assertion of 
system-reset bit (bit31: SYS_RST) will reset the chip. Software reset will not cause memory data 
loss. 


e Watchdog reset 


Watchdog reset is generated when TIMER_WATCHDOG EN is set and TIMER _MATCH_5 
matches the OS timer counter. The result of a Watchdog reset is the same as the System 
software reset. 


e Warm reset 
Warm reset is assert through the warm_rst_b pin, the function is as blow 


i. _warm_rst_b goes low to tell RISC start warm reset process. 
ii. warm_rst_b signal: 

a. forces the memory controller to control the memory enter self-refresh mode. 

b. triggers a hardware counter to delay some time to ensure memory has enter the self- 
refresh mode (hardware logic will also check cke signal to make sure it has enter the self- 
refresh mode). 

iii. After make sure memory has enter self-refresh. Generate an internal reset signal with the 
same action as watch_dog reset. 


Reset Scheme 


Each block in SiRFatlasV has its own reset control signal. As described above, the reset has 7 sources: 
Power-on-reset, nSRST-reset, nTRST-reset, BIST-reset, Software-reset, Watchdog-reset, and Warm 
reset. The following table shows that how each module is controlled by these reset sources. 


Power-on Bist Watchdog 
reset reset | TTRST | MSRST | system reset 
software | software 


|RISC Core Core 


SCC 
a 


interupt | os 
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Power-on | Warm- | Bist | .tRsT | nSRST | Software reset Watchdog 
reset reset reset a set 

Controller 


CLKC 
GPSRTC 


SYSRTC 


Timer 


Reset 
controller 


oe 
GPIO oo 
ae eo 
Arbiter 


RISC CP14 
Registers 


Bist Logic 


RISC TAP 
controller 


Others 


co) O ro) 
n 


Table 123: Reset Table 
Register Definitions 
Register Address Mapping 


Base Address 


Access Type Address Mapping 
RISC I/O Interface 0x90070000 


Table 124: Reset Controller Base Address 


Register Mapping 


0x0000 RESET_SR Reset controller software reset register 
0x0004 RESET_STATUS Reset controller status register 


0x0008 RESET_SR1 Reset controller software reset register 
0x000c [ARM_TIME_OUT | Warm reset timeout counter 


Table 125: Reset Controller Register Mapping 
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Register Descriptions 


e Reset Controller Software Reset Register (RESET_SWR) — 0x0000 


Writing a 1 to each bit from bit30 to bitO will cause the corresponding block to be reset. Writing a 1 
to the most-significant bit (SYS_RST) will cause all on-chip resources to reset except for the 
Power Controller, Reset controller and RTC. Writing a O to the software-reset bit will clear the 
corresponding reset. Special attention should be paid to restrict access to this register by 
programming MMU permissions. For reserved bits, writes produce no effects. 


The software reset program sequence is as follows: 


- For ASYNC reset block: 
a. Disable the current block. 
b. Stop the clock of current block. 
c. Assert the reset of the current block. 
d. Release the reset of the current block. 
e. Enable the clock of the current block. 
f. Enable the current block. 

-— For synchronizing the reset block: 
a. Disable the current block. 
b. Stop the clock of the current block. 
c. Assert the reset of the current block. 
d. Enable the clock of the current block. 
e. Release the reset of the current block. 
f. Enable the current block. 


This register will be reset to the default vaiue by power-on reset only. 


Crs Core software reset: 
0 (RW) DSP_RST 
1: Reset 


Co Se 
Parr [ROWLRST [700 [ROW Conotersotwareresst 
fsrew [PoLAst [Too | SYS2PCI nd PCliersotereread 
rw [OWARST [Too | ONAConbolersofwaerest 


5(RW) | LCD_RST LCD Controller software reset 

SN 
7 (RW) GPS_RST GPS software reset 

an [Raenea | veo [Reed 
9(R/W) | NAND_RST NAND flash software reset 

10 (RW) | COPY_RST PCI COPY software reset 

11 (R/W) | I2CO_RST ?CO software reset 
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250) [Resened | 70 


System software reset (including all blocks except the power 
31 (R/W) | SYS_RST 1’bO controller, resource sharing controller, real time clock, and 
GPIO). 


Table 126: Reset Controller Software Reset Register 


Reserved 
CODEC_RST 
UARTO_RST 
USPO_RST 
USP1_RST 
SPI_RST 


12 (RIW 
13 (RW 
14 (RI 
15 (R/ 
16 (RW 
17 (RIW 
18 (RW 
19 (RW 
20 (R/ 

21 (RI 

22 (RI 


S| 


Reserved 
I2C1_RST 
VPP_RST 
SDO_RST 
PWM_RST 


ae 


— 


— 


H 


e Reset Controller Status Register (RESET STATUS) — 0x0004 


Users can use the reset controller to reset status register (RESET STATUS) and to determine the 
last cause or causes of the reset. 


Each RESET_STATUS status bit is set by a different reset sources and can be cleared by writing 
a 0 back to that bit. After Power-on reset, all status bits will be zero except for the HWR bit. For 
reserved bits, writes will be ignored and reads will return zeroes. 
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—-—F 1: Hardware reset has occurred since the last time CPU cleared this bit. 


Software reset: 


0: Software reset has not occurred since the last time CPU cleared this 
bit. 
1: Software reset has occurred since the last time CPU cleared this bit. 


Watchdog reset: 
2(RW) | WoR | 1’b0 ened reset has not occurred since the lasi time CPU cleared this 
1: Watchdog reset has occurred since the last time CPU cleared this bit. 


Warm reset: 
3 (R/W) | WMR | 1’b0 0: Warm reset has not occurred since the last time CPU cleared this bit. 
1: Warm reset has occurred since the !ast time CPU cleared this bit. 


4 (R) 
Warm reset timeout: 


5 (R) 0: The last is warm reset and memory is in selfrefresh mode now. 


1: The last is not a successful warm reset and the memory is not in 
selfrefresh mode now. 


fre [Resenes SSCS 


Table 127: Reset Controller Status Register 


e Reset Controller Software Reset Register 1 (RESET _SWR1) — 0x0008 
This register will be reset to default value by power-on reset only. 


0 (R/W) MEM_RST Memory controller software reset 
a SS CC 


2 (RW) TSCIF_RST TSC interface software reset 
3.(R/W) DAC_RST DAC interface software reset. 
Ea CO 


Table 128: Reset Controller Software Reset Register 1 
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e Warm Reset time out Counter (WARM_TIME_OUT) — 0x000C 


[ee [Name =i Datu [Deserpion 


Warm reset time out counter: 


This register will decrease from the default value or 
the set value (the value can be set by RISC). 
When the counter is decreased to 0, a warm reset 
will occur even if the memory did not enter self 
refresh mode. 


This register will be set to the default value after a 
warm reset. 


31:0 (R/W) | WARM_TIME_OUT_CNT | 32’h50 


Table 129: Warm Reset Timeout Counter Register 


Interrupt Controller 


Overview 


In the SiRFatlasV processor, both the RISC and the DSP core can accept external interrupts. In addition, 
RISC and DSP can interrupt each other. The RISC core contains two external interrupt inputs, FIQ and 
IRQ. FIQ allows for fast interrupt processing by providing five additional dedicated general-purpose 
registers. The DSP core on the other hand, has up to six external interrupt pins, IRQ2n, IRQ1n, IRQOn, 
IRQLin, IRQLOn, and IRQEn. The interrupt controller will collect external interrupts and MUX them to 
DSP and RISC. Then both DSP and RISC can access the interrupts through DSP I/O or RISC I/O access. 


Feature List 


e Supports RISC and DSP interrupt 
e Supports RISC FIQ and IRQ Level select 
e Supports interrupt priority with interrupt ID in RISC interrupt 


Functional Descriptions 


Block Diagram 


The interrupt hierarchy of SiRFatlasV is a two-level structure. The first level is responsible for the 
masking/unmasking of all enabled interrupts and sends the interrupt to the processor; the second level is 
implemented in the source device (the device generates the first level interrupt bit). The second-level 
interrupt status register gives additional information about the interrupt and is used inside the service 
routine. The enabling of interrupts is performed inside the source device. 


For RISC, the first level of structure is represented by the interrupt controller IRQ pending register 
(INT_IRQ_PENDING) and the interrupt controller FIQ pending register (INT_FIQ_PENDING). The 
INT_IRQ_PENDING register contains the interrupts programmed to generate an IRQ interrupt, whereas 
the INT_FIQ_PENDING register contains all valid interrupts programmed to generate an FIQ interrupt. 
The routing is programmed via the RISC interrupt controller level register (INT _RISC_LEVEL). 


The following diagram illustrates the RISC part of the interrupt controller block. For the DSP part, it is 
similar but not included in the diagram below: 
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FIQ 


IRQ 


pending registers 


FIQ interrupt 
pending registers 


Figure 11: Block Diagram of the Interrupt Controller (RISC) 


For DSP interrupts, the RISC->DSP interrupt is connected to !|RQ1n and the FFT interrupt is connected to 
IRQLOn. The GPS interrupt is connected to IRQ2n and IRQOn 


For other interrupt sources, IRQL1n is used for low-level sensitive interrupts of the DSP core. This is a 
simpler process compared to RISC, because al! qualified interrupt bits will be stored in the interrupt 
controller pending registers (INT PENDINGO and iNT_PENDING1). DSP can read the corresponding 
interrupt pending registers followed by the status register in the device. It uses a different interrupt mask 
register from RISC so that DSP can be interrupted independently by different sources with RISC. 


Figure 12: Block Diagram of the Interrupt Controller (DSP) 


Interrupt mechanism 


The interrupt source should be synchronous with two level flip-flop (clock is system clock), because the 
interrupt source maybe be generated from a different clock domain. Therefore there will be a three-clock 
(system clock) latency between interrupt source and the interrupt signal that connect to CPU (IRQ or FIQ). 


The interrupt signal that is connected to CPU will be cleared after three clock cycle (system clock), when 
the CPU clears the interrupt source by writing to the interrupt status registers. 
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Therefore, after the CPU clears the interrupt source, it must wait at least three system clock cycles before 
it exits the ISR or the CPU will reenter the ISR with the same interrupt. 


The DSP cannot check the GPIO interrupt pending through INT_PENDINGx register. Therefore if the 
DSP accepts the interrupt, check the interrupt status registers in GPIO block instead. 


Register Definitions 
Register Address Mapping 


Base Address 


Address Mapping 


0x000 
0x90020000 


Table 130: Interrupt Controller Base Address 


Register Mapping 


RISC Address | DSP Address : Bets 
Read only. 
0x0000 0x00~01 , 
RISC Interrupt Pending Register 0 
Read only. 
0x0004 0x02~03 INT_PENDING1 
7 RISC Interrupt Pending Register 1 
Read only. 
0x0008 INT_IRQ_PENDINGO IRQ Pending Register 0 
Default: 0Ox00000000 
Read only. 
0x000C INT_IRQ_PENDING1 IRQ Pending Register 1 
Default: 0x00000000 
Read only. 


INT_FIQ_PENDINGO FIQ Pending Register 0 
Default: OxO0000000 


Read only. 
0x0014 INT_FIQ_PENDING1 FIQ Pending Register 1 
Default: Ox00000000 


0x0018 


0x001C 


RISC Mask Register 0 
INT_RISC_MASKO 
Default: OxO0000000 


RISC Mask Register 1 
Default: Ox00000000 


INT_RISC_LEVELO RISC Level Register 0 


INT_RISC_MASK1 


0x0020 


August, 2010 SiRF Datasheet — Proprietary and Confidential 96 


DRAFT 


SA SiRFatlasV 
Dae, AT551 Datasheet 


RISC Address | DSP Address Reaist D it 
<11:0> <6:0> egister escription 


0x0024 INT _RISC_LEVEL1 Rise Pevelliedister J 
ee Default: 0x00000000 
DSP Mask Register 0 

0x0028 0x14~15 INT_DSP_MASKO 
or Default: 0x00000000 
0x002C 0x16~17 INT DSP_MASK1 Ber Mask Reg 
a = Default: OxO0000000 


DSP access enable. 

This register is a read-only register for 
0x0030 0x18 INT_DSP_ACCEN DSP. 

Only RISC can read or write to it. 

Default: Ox00000000 

This is a read-only register, it contains 
0x0034 0x20 CHIP_ID the CHIP ID. 

Default: Depending on chip version 
0x0038 INT_ID_IRQ Interrupt ID of IRQ 


0x003c INT_ID_FIQ Interrupt ID of FIQ 
a 


Table 131: Register Mapping 


Register Descriptions 


e Interrupt Controller Pending Register 0 (INT_PENDING) — RISC: 0x0000 DSP: 0x00~0x01 


The INT_PENDINGO is a 32-bit read-only register that shows all active interrupts in the system. 
These bits are not affected by the state of the mask register. The following table shows the 
pending interrupt source assigned to each bit position in the INT_PENDINGO. For more details on 
the second-level interrupts, please read the relevant section. 


Bits within INT_PENDINGO are read-only, and represent the logical OR of status bits for a given 
interrupt within the source unit. Once an interrupt has been serviced, the handler will clear the 
pending interrupt at the source by writing a 1 to the necessary status bit. Clearing the interrupt 
status bit at the source will automatically clear the corresponding INT_IRQ_PENDING and 
INT_FIQ PENDING flag unless there are no other interrupt status bits set within the source unit. 
All interrupt source status bits are cleared by writing a 1 to them. Writing a 0 to an interrupt status 
bit produces no effects. 


The default value is unknown upon power on. 


NOTE — Writing 1 to this register bit will generate an interrupt (only for testing purpose). 
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System 
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31 (R) PWRC Power controller interrupt request. 


Table 132: Interrupt Controller Pending Register 0 


e Interrupt Controller Pending Register 1 (INT_PENDING1) — RISC: 0x0004 DSP: 0x02~0x03 


Table 133: Interrupt Controller Pending Register 1 
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e Interrupt Controller IRQ/FIQ Pending Register (INT_IRQ_PENDINGO~1/INT_FIQ_PENDINGO~1) 
— RISC: 0x0008~0x000C/0x0010~0x0014 


INT_IRQ_PENDING and INT_FIQ_PENDING both contain one flag per interrupt that indicates an 
interrupt request has been made by a unit. Inside the interrupt service routine, the 
INT_IRQ_ PENDING and INT_FIQ_PENDING registers are read by RISC to determine the 
interrupt source. In general, software will then read the status registers within the interrupted 
device to determine how the interrupt should be serviced. 


The following table lists the bit locations corresponding to the interrupt pending status flags in 
INT_IRQ_PENDING. Then the following table will show the bit locations corresponding to the 
interrupt pending status flags in the INT_FIQ_PENDING register. These are read-only registers. 


IRQ pending bits: 
31:0 (R) | IRQO0<31:0> | 32'hO 0: No interrupt pending 
1: Interrupt pending 


Table 134: INT_IRQ_PENDINGO — RISC 0x0008 


[ei [Name [eeu [Descipion SSCS 


IRQ pending bits: 
20:0(R) | IRQ1<20:0> | 21’h0 0: No interrupt pending 
1: Interrupt pending 


Table 135: INT_IRQ_PENDING1 — RISC 0x000C 


FIQ pending bits: 
31:0 (R) | FIQ0<31:0> | 32'hO 0: No interrupt pending 
1: Interrupt pending 


Table 136: INT_FIQ_PENDINGO — RISC 0x0010 


[si _ [Nene [Peta [onsempion 


FIQ pending bits: 
20:0 (R) | FIQi1<20:0> | 21'h0 0: No interrupt pending 
1: Interrupt pending 


Table 137: INT_FIQ_PENDING1 — RISC 0x0014 
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e Interrupt Controller RISC Mask Register (INT_RISC_MASk) — RISC: 0x0018~0x001C 


Mask bits serve two purposes. First, they allow periodic software polling of interruptible sources 
while preventing them from actually causing an interrupt. Second, they allow the interrupt handler 
routine to prevent interrupts of lower priority from occurring while still maintaining a list of pending 
interrupts that may have occurred previously or during the servicing of another interrupt. 


The INT_RISC_MASK is not initialized at reset. A question mark indicates that the values are 
unknown at reset. The following table shows the bit locations corresponding to interrupt mask bits. 


[ee [Name [etut [Deseepton 


RISC interrupts mask bits: 
31:0 (W/R) | RMO<31:0> | 32'h0 0: Pending interrupt is masked from becoming active. 
1: Pending interrupt is allowed to become active. 


Table 138: INT_RISC_MASKO — RISC 0x0018 


[Bi __[Wone[Betaut [Descrnon SSS 


RISC interrupts mask bits: 
20:0 (W/R) | RM1<20:0> | 21’h0 0: Pending interrupt is masked from becoming active. 
1: Pending interrupt is allowed to become active. 


Table 139: INT_RISC_MASK1 — RISC: 0x001C 


e = Interrupt RISC LEVEL Register (INT_RISC_LEVELO/INT_RISC_LEVEL1>) — RISC: 
0x0020/0x0024 


[a [Name [Dott [Beserpton 


RISC interrupts level bits: 
31:0 (W/R) | RMO<31:0> | 32'hO 0: The interrupt level is IRQ. 
1: The interrupt level is FIQ. 


Table 140: INT_RISC_LEVELO — RISC: 0x0020 


[Bi _[ane_[Beteut [Descrnon SSCS 


RISC interrupts level bits: 
20:0 (W/R) | RM1<20:0> | 21’h0 0: The interrupt level is IRQ. 
1: The interrupt level is FIQ. 


Table 141: INT_RISC_LEVEL1 — RISC: 0x0024 
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e Interrupt Controller DSP Mask Register 0(INT_DSP_MASKO0O) — RISC: 0x002C, DSP: 0x14~0x15 


DSP interrupts mask bits: 
31:0 (R) | DMO<31:0> 32'h0 0: Pending interrupt is masked from becoming active. 
1: Pending interrupt is allowed to become active. 
Table 142: Interrupt Controller DSP Mask Register 0 


e Interrupt Controller DSP Mask Register 1(INT_DSP_MASK1) — RISC: 0x002C, DSP: 0x16~0x17 
The definition of each bit is the same as the above. 


[ee [Name [Detaut [Deserpton 


DSP interrupts mask bits: 
20:0 (W/R) | DM1<20:0> 21’hO 0: Pending interrupt is masked from becoming active. 
1: Pending interrupt is allowed to become active. 


Table 143: Interrupt Controller DSP Mask Register 1 


e Interrupt DSP Access Enable Register (INT DSP_ACCEN) — RISC: 0x0030, DSP: 0x18 


By default, all the register can only be written to RISC only. In order for DSP to write the 
INT_DSP_MASK register, INT_DSP_ACCEN register should be set by RISC. 


O(WR) | DSP_EN DSP Access enable 


Table 144: Interrupt DSP Access Enable Register 


e Chip ID Register (CHIP_ID) — RISC: 0x0034, DSP: 0x020 
This register is read-only, it contain the CHIP ID for different chip versions. 


[ei [Nene [Batu [Baserpion 
15:0 (R) | CHIP_ID<15:0> | 16h1230 | CHIP ID 


Table 145: Chip ID Register 
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e Interrupt Controller ID Register (INT_ID_IRQ)— RISC: 0x0038 


The Interrupt Controller IRQ ID register returns the IRQ interrupt ID from the pending interrupts. 
Each time RISC reads this register, it will return the highest priority enabled pending interrupt. 


[aamak [Daciien 
INT_ID_IRQ<7:0> Interrupt ID of IRQ 


Table 146: Interrupt Controller ID Register 


e Interrupt Controller ID Register (INT_ID_FIQ) — RISC: 0x003C 


The Interrupt Controller FIQ ID register returns the FIQ interrupt ID from the pending interrupts. 
Each time RISC reads this register, it will return the highest priority enabled pending interrupt. 


[Default |Description 
Interrupt ID of FiQ 
a 


Table 147: Interrupt Controller ID Register 


The following table provides detailed information about the priority and descriptions for each ID 
(the smaller the ID value, the higher the interrupt priority). 


fo [imenptron TER 
fo _[mensnron oes 
Ea 
fe [fees 
fo | enptren SB 


10 
Interrupt from DMA 
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[vane [Dessrpion 
a8 [mioniton tiers 
5 [morapttontiners 
[8 [moniton Timers 
fat [monspton RTCA 
[8 [monpironnTenie 
[9 [menopivon RTEALARIT 
[a [enapivon GPSRTC-ALARWO 
[si__[monoptron GPSRTEALARWT 
[a [menspiron perronie 
[ss [Renee 


Table 148: Interrupt Priority and ID Table 


5 
6 
7 
8 
9 
50 
51 
52 
53 


INT_PENDING, INT_IRQ_PENDING, INT_FIQ_PENDING, INT_DSP_PENDING are all read-only 
registers, they only perform combinational logic of interrupt inputs from each internal block. To clear the 
interrupt, the interrupt in the block needs to be cleared, which will also generate an interrupt. These 
registers will change as soon as the interrupt signal from the internal block is changed. 


The INT_FIQ_PENDING register is created by INT_PENDING, INT_RISC_MASK, and 
INT_RISC_LEVEL. 


If the value in other registers is changed, then INT_ FIQ _PENDING will also be changed. This requires 
special attention from the user. While in an interrupt routine a user writes the INT_RISC_MASK register to 
mask the interrupt from certain blocks, INT_FIQ PENDING will also be changed to 0. As a result, users 
may not be able to read this register to determine interrupt status. Instead users should read the 
INT_PENDING register. 


The INT_IRQ_PENDING register is created by INT_PENDING, INT_RISC_MASK, and 
~INT_RISC_LEVEL. 


If the value in other registers is changed, then INT_IRQ_PENDING will also be changed. This requires 
special attention from the user in that while in an interrupt routine a user writes the INT_RISC_MASK 
register to mask the interrupt from certain blocks, INT_IRQ_PENDING will also be changed to 0. As a 
result, users may not be able to read this register to determine the interrupt status. Instead users should 
read the INT_PENDING register. 


OS Timer 


Overview 


SiRFatlasV provides six OS timers which can be programmed independently. These OS timers are 
generated by a 64-bit counter (TIMER_COUNTER), which is clocked by a non-system clock. The 
frequency of this clock can be set by configuring the TIMER_DIV register. If the value of 
TIMER_COUNTER matches any one of the 6 timers, then an interrupt may be generated to the RISC if 
the corresponding enable bit is set. 
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The 6" timer can also act as a Watchdog timer when the Watchdog mode is enabled. In this mode, when 


this timer matches TIMER_COUNTER value (lower 32 bits), a watchdog event will be generated to reset 
most of the on-chip modules. 


Feature List 


e Six programmable OS timers 
e 64-bit timer counter 
e Watchdog timer 


Register Definitions 


Register Address Mapping 


Address Mapping 
0x90050000 


RISC Address <11:0> _| Register 


Table 150: OS Timer Register Mapping 
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Register Descriptions 


e OS Timer Counter Low Register (TIMER _COUNTER_LO) — 0x0000 


The low register of the OS timer counter is the low 32-bit of the 64-bit-counter that increments on 
rising edges of the timer clock. This counter can be read or written at any time. It is recommended 
that this register be set to write-protected through the MMU protection mechanisms. 


[a _[Wome [eeu [Descipion SSCS 


31:0 (R/W) CN<31:0> | 32'h0 OS Timer counter low 32-bit value 


Table 151: OS Timer Counter Low Register 


e OS Timer Counter High Register (TIMER _COUNTER_HI) — 0x0004 


The OS timer count high register is the high 32-bit of the 64-bit-counter that increments on rising 
edges of the timer clock. This counter can be read or written at any time. It is recommended that 
this register be set to write-protected through the MMU protection mechanisms. 


[si [Wane [stu [oescrnfon 


31:0 (R/W) CN<63:32> | 32'hO OS Timer counter high 32-bit value 


Table 152: OS Timer Counter High Register 


e OS Timer Match Register 0-5 (TIMER_MATCH_x) — 0x0008~0x001C 


These registers are 32 bits wide and are accessible by the RISC. They are compared with the 
lower 32-bit of TIMER_COUNTER following every timer clock cycle. If any of these registers 
matches the counter, then the corresponding status bit in the TIMER_STATUS will be set. 


[ae [Nene [ett [Sescipion 


31:0 (R/W) | MA<31:0> | 32'h0 OS Timer match value 


Table 153: OS Timer Match Register 0-5 


August, 2010 SiRF Datasheet — Proprietary and Confidential 107 


DRAFT 


A SiRFatlasV 


Dadicenaes AT551 Datasheet 


e OS Timer Status Register (TIMER_STATUS) — 0x0020 


These bits are set when the Timer match event occurs and cleared by writing a one to it. Writing 
zeros to this register produces no effects. All reserved bits are read as zeros and are unaffected 


by the write operation. 


Match status channel 0. 


0: The OS timer match register<O> has not matched the OS timer 
counter since it was last cleared. 


1: The OS timer match register<0> has matched the OS timer counter. 


Match status channel 1. 


0: The OS timer match register<1> has not matched the OS timer 
counter since it was last cleared. 


1: The OS timer match register<1> has matched the OS timer counter. 


Match status channel 2. 


0: The OS timer match register<2> has not matched the OS timer 
counter since it was last cleared. 


1: The OS timer match register<2> has matched the OS timer counter. 


Match status channel 3. 


0: The OS timer match register<3> has not matched the OS timer 
counter since it was last cleared. 


1: The OS timer match register<3> has matched the OS timer counter. 


Match status channel 4. 


0: The OS timer match register<4> has not matched the OS timer 
counter since it was last cleared. 


1: The OS timer match register<4> has matched the OS timer counter. 


Match status channel 5. 


0: The OS timer match register<5> has not matched the OS timer 
counter since it was last cleared. 


1: The OS timer match register<5> has matched the OS timer counter. 


Table 154: OS Timer Status Register 
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e OS Timer Interrupt Enable Register (TIMER_INT_EN) — 0x0024 


Each match register has a corresponding enable bit. Clearing an enable bit will prevent the 
corresponding interrupt status bit being generated in TIMER_STATUS register. 


[ak [Wome [outut [Desermion SSCSCSC~C~“~“~“~*~*~*S 


Interrupt enable channel 0. 

o(R/W) | EO 1'bO This bit is set by the software and allows a match between match 
register 0 and the OS timer to assert interrupt bit MO in 
TIMER_STATUS. 


1 (RW) Interrupt enable channel 1 


Interrupt enable channel 2 
Interrupt enable channel 3 
Interrupt enable channel 4 
Interrupt enable channel 5 


Table 155: OS Timer Interrupt Enable Register 


e OS Timer Watchdog Enable Register (TIMER_WATCHDOG _EN) — 0x0028 


[Bk [Wome [Betaut [Deserpion SSCS 


WME1 Watchdog match enable. 
0 (R/W) 1'bO 0: The OS timer match register<5> does not cause a watchdog reset. 
1: The OS timer match register<5> causes a reset. 


Table 156: OS Timer Watchdog Enable Register 


e OS Timer Division Register (TIMER_DIV) — 0x002C 
To generate the timer clock, the clock input needs to be divided from the system clock domain. 


TIMER_DIV = (SYS_CLK/TIMER_CLK)/2 -1 


[iene [eteut [Desstpion 


15:0 (R/W) | DIV<15:0> | 16'hO OS timer clock division 


Table 157: Timer Division Register 
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e OS Timer Latch Register (TIMER_LATCH) — 0x0030 


When user writes 1’b1 into this register bit, the value of the current OS timer counter will be 
latched into TIMER_LATCHED_ LO and TIMER_LATCHED_ HI. 


[a [Name [Betaut [Dessrpion SSS 


0 (W) LATCH OS Timer Counter latch 
aan [fam esven 


Table 158: OS Timer Latch Register 


e OS Timer Latched Low Register (TIMER _LATCHED_LO) — 0x0034 


The OS timer latched low register is the low 32-bit value of the 64-bit counter that latched when 
users write a 1’b1 into the TIMER_LATCH register. 


[et _ [Name [Beteut [Deserpion SS 


31:0 (R/W) | LA<31:0> | 32'hO The low 32-bit latched value 


Table 159: OS Timer Latched Low Register 


e OS Timer Latched High Register (TIMER _LATCHED_ HI) — 0x0038 


The OS timer latched high register is the high 32-bit value of the 64-bit counter that latched when 
users write a 1’b1 into the TIMER_LATCH register. 


[Bi [Wane [Batu [Bessrpion ——SSSSCSCSCSCS~*S 


31:0 (R/W) | LA<63:32> | 32'hO The high 32-bit latched value 


Table 160: OS Timer Latched High Register 
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RTC 
Overview 


System RTC and GPS RTC are provided in SiRFatlasV, but the two timers are for different purposes and 
have different precision requirements. 


Feature List 


e RISC/DSP I/O interface 
e Different power modes supported: normal, deep sleep, hibernation 
e RTC: SYS_RTC, GPS_RTC 


Pin Description 


External Pin Descriptions 


0 Default Default ae 
inmane [ype [tae | Pancton [Stun | Perenoton 


Table 161: External Pins of RTC 


Functional Descriptions 
Module Descriptions 


System RTC 


There is a programmabie 16-bit divider (RTC_DIV) that divides the input 32.768KHz clock to the 
frequency that users need (E.g. 1 Hz). The divided real-time clock will be used to drive a 32-bit counter 
(RTC_COUNT ER) that provides users with the actual time. 


In each cycle of the divided real-time clock, there is a Hertz interrupt generated to the RISC. Users can 
also configure an alarm (RTC_ALARM). When RTC_COUNTER matches the alarm, there will be an 
alarm interrupt generated to the RISC. 


The system RTC can generate an alarm wake-up signal to notify the power controller to wake up from 
deep-sleep/hibernation mode. 
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GPS RTC 
There are 3 stages for GPS RTC block: 


Clock source select 
Clock divider 
Counting 


There is a 2-to-1 MUX for selecting different clock sources: 


32.768KHz input 
TCXO input from GPS RF 


Xinw 


RF_clk 


Figure 13: Clock Source MUX 


There are two register bits for MUX to choose a clock source and the register bits are configured by 
software. Configuration will vary according to the scenario adopted in the system. 


A clock divider follows the 2-to-1 MUX. The purpose of the clock divider is to divide the clock output of the 
2-to-1 MUX to a lower frequency clock so that it can be used by the internal logic of GPS RTC. The 


divider 


is also a 16-bit programmable register. Different sources have different dividers, and different duty 


cycles for GPS may also have different divider configurations. 


The GPS RTC function is described as follows: 


General requirements: 


The divided clock is used to drive a 32-bit counter that provides the GPS sub-system with an 
accurate time. 


GPS RTC may also be used as system RTC, it needs to implement all function required by the 
system RTC. In each cycle of the divided real-time clock, there is a Hertz interrupt generated to 
the RISC. For configuring an alarm, use AGPS_RTC_ALARM. When AGPS_RTC_COUNTER 
matches the alarm, there will be an alarm interrupt generated to the RISC. The interrupt to RISC 
can also be masked off. 


Special requirements: 
GPS RTC register can be accessed both by RISC and DSP. 


The GPS baseband is generating interrupts at every 1ms while the GPS is running. There is a 32- 
bit register in the GPS RTC block which can be used to latch the GPS RTC timer counter when 
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the baseband interrupt is generated. The 1ms interrupt may exist for several cycles. The latched 
data should be from the 1st cycle in which the interrupt is asserted. 


ims GPS BB interrupt 


Figure 14: GPS Diagram for Counter Saving 


Function Modes 


e Normal mode: 
Both the SYS_RTC and the GPS_RTC module work in power-on state. 


e Deep-sleep and hibernation mode: 
SYS_RTC module is powered on. 


Register Definitions 
Register Address Mapping 


Base Address 


Address Mapping 
0x90068000 


0x90064000 
[oo 
[oo 


Table 162: RTC Interface Address Mapping 
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Register Mapping 


oo 
SYS_RTC 

0x0000 RTC_COUNTER 
0x0004 RTC_ALARMO 
0x0008 RTC_STATUS 
0x000C RTC_DIV 
0x0018 RTC_ALARM1 

0x001¢ RTC_CLOCK_SWITCH 
GPS_RTC 

0x0000 RTC counter register for GPS 
RTC_GPS_DIV RTC division register for GPS 


0x0010 joroe-o108 | RTC GPS_LATCH Aue GPS latch register for 


0x09~0x08 
0x0018 Ox0d~0Ox0c RTC_GPS_ALARM1 RTC alarm1 register 
0x001c Ox0f~Ox0e RTC_GPS_CLOCK_SWITCH | RTC clock switch 


CPU_IO_BRIDGE 


RTC counter register 
RTC alarm0 register 
RTC status register 
RTC division register 
Reserved 

Reserved 

RTC alarm1 register 


RTC clock switch 


0x0000 CPUIOBG_BE_SYNCING 


DSP IO BRIDGE 


DSP I/O Bridge syncing 


Table 163: RTC Register Mapping 


The register definition for RTC of GPS is the same as the system RTC from RTC_GPS_ COUNTER to 
RTC_GPS_DIV. 


All the SYSRTC register has no default value since SYSRTC has no any reset source, and for GPSRTC 
the registers only can be reset by X_RESET_ B. 
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Register Descriptions 


e RTC Counter Register (RTC_COUNTER) — 0x0000 


The RTC counter register (RTC_COUNTER) is a read/write register. The counter may be written 
by the RISC at any time. 


NOTE —Because of ASYNC, the counter register read operation has some limitations. The 
SYS_CLK frequency should be eight times the counter toggle rate. For example: the 
GPSRTC uses RF_CLK (16.368MHZ) as clock source, and the divide register is set to 0, 
which means the lowest frequency of SYS_CLK is (16.368/2)*8 = 65.472 MHZ. 


[bt __[Wome [eeu [Descipion SSCS 


31:0 (R/W) CN<31:0> | 32'h0 Real-time Counter value 


Table 164: RTC Counter Register 


e RTC Alarm0 Register (RTC_ALARMO) — 0x0004 
The real-time clock alarm register is a 32-bit register accessible by RISC. 


In each cycle of the divided real-time clock, this register is compared to RTC_COUNTER. If they 
are matched and the enable bit (ALE) is set, then the alarm bit in the RTC status register will be 
set. 


[Bk [Wome [sau [Deserpion 


31:0 (R/W) AL<31:0> | 32'h0 Alarm0 value 


Table 165: RTC Alarm0 Register 


e RTC Status Register (RTC_STATUS) — 0x0008 
Writing 1’s to AL and HZ will clear the bits. 


RTC alarm0O detected: 

0: No alarm has been detected. 

1: An alarm has been detected (RTC Counter matches RTC_ALARM). 
The interrupt is also a wake-up source. 


1 Hz rising-edge detected: 
0: No rising edges have been detected. 
1: Arising edge has been detected. 


RTC alarm0O interrupt enable: 
0: RTC alarm interrupt is not enabled. 
1: RTC alarm interrupt is enabled. 


1'b0 1 Hz interrupt enable: 
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[Bi [Name [Beta [Deserpton 


0: The 1-Hz interrupt is not enabled. 
1: The 1-Hz interrupt is enabled. 


RTC alarm1 detected: 
0: No alarm has been detected. 
4 (R/W) | AL1 1'b0 
1: An alarm has been detected (RTC Counter matches RTC_ALARM). 
The interrupt is also a wake-up source. 


En 


RTC alarm1 interrupt enable: 
6 (R/W) | AL1E 1'b0 0: RTC alarm interrupt is not enabled. 
1: RTC alarm interrupt is enabled. 
ear [Eres SCSC~*” 


Table 166: RTC Status Register 


e RTC Division Register (RTC_DIV) — 0x000C 


To generate a 1-Hz divided real-time clock, the clock input needs to be divided from the external 
real-time crystal (RTC_CLK=32.768 KHz): 


RTC_DIV =RTC_CLK/2-1 


To generate a real-time clock in frequency other than 1Hz, for example, X-Hz, the register needs 
to be set up as the following: 


RTC_DIV = (RTC_CLK/X)/2 —1 


NOTE -— The divide register will not be set to smaller than 16 when using RF_CLK as GPSRTC 
clock source. Because when the division is too small, the total counter time becomes 
very short. 


Table 167: RTC Division Register 
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e RTC Latch Register (RTC_GPS_LATCH) — 0x0010 


RTC_GPS_ COUNTER will be latched once it detects a GPS baseband 1ms interrupt. This 
register is only valid for GPS RTC. 


[Bt [None [Bett [Desernton SS 


31:0 (R) | LATCH<31:0> 32'h0 Latch value 


Table 168: RTC Latch Register 


e RTC Alarm1 Register (RTC_ALARM) — 0x00018 
The real-time clock alarm register is a 32-bit register accessible by RISC. 


In each cycle of the divided real-time clock, this register is compared to RTC_COUNTER. If they 
are matched and the enable bit (ALE) is set, then the alarm bit in the RTC status register will be 
set. 


[sk [Narw [Deteut [oescmpion 


31:0 (R/W) AL<31:0> | 32'hO Alarm’ value 


Table 169: RTC Alarm1 Register 


e RTC Clock Switch Control Register (RTC_CLK_CTRL) — 0x001c 
The register is only for GPS RTC counter clock control. 


[Be [Weme [eeu [Owserpton 


GPSRTC: 
0: Reserved 
1:0 (R/W) | CLK_SWITCH | 2’h3 1: RF_CLK 
2: Reserved 
3: RTC_CLK (32khz) 


GPSRTC: 
2 (RW) CLK_EN 1’h1 0: Clock disable 
1: Clock enable 
En 


Table 170: RTC Clock Switch Control Register 
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RTC I/O Bridge 


Overview 


The module is a bridge between the RTC clock domain and the system/DSP clock domain. 


Feature List 


e 1/0 interface 
e Modules can be divided according to clock domain 
e §=©Arbitrary clock frequency 


Functional Descriptions 


Block Diagram 


The RTC I/O bridge module is a bridge between the RTC clock domain and the system/DSP clock 
domain. It is used to synchronize the I/O bus signal, and is combined by FASTEND and SLOWEND 2 
modules to separate two different clock domains. 


RTC clock | System/DSP 
domain clock domain 


fastend 


RISC/DSP IO bus 


RTC_CLK _ SYS_CLK/DSP_CLK 


Figure 15: Block Diagram of the RTC I/O Bridge 
Module Descriptions 


FASTEND 


The module is an interface with system/DSP clock domain I/O bus interface, which has two primary 
functions, one is for generating handshake signals, and the other is for latching the value to the fast clock 
domain in order to ensure that the slow clock domain can sample them. 


SLOWEND 


The module is an interface with the I/O bus interface of the RTC clock domain. It provides two primary 
functions, one for responding to handshake signals, the other one for interfacing with the I/O interface of 
the RTC clock domain. 
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Flowchart for Accessing RTC Clock Domain 


For SYSRTC, GPSRTC, and PWRC are in the RTC clock domain, they have a different access method 
from other modules. 


1. Check RTC I/O Bridge is idle or not 
2. If the bridge is idle, software can read/write RTC domain register 


3. Check if the I/O bridge is idle or not. If idle, the operation is done; if not, the operation is 
processing. 


NOTE — The 3 steps should be contained in one critical section. 


Register Definitions 


Register Address Mapping 


Base Address 


Access Type Address Mapping 


RISC I/O Base Address 0x90040000 


Table 171: Sample Base Address 


Register Mapping 


0x0000 BE_SYNCING I/O Bridge busy flag 


Table 172: Address Mapping 


Register Descriptions 
e RTC I/O Bridge SYNC Flag (BE_SYNCING) — Offset: 0x0 


[Bi [Name [Betoun [Dessrion SSS 


The value is bridge busy flag: 
BE_SYNCING | 1’b0 1: Busy 


0: Idle 


En 


Table 173: RTC IOBG BE_SYNCING REG 
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GPIO 
Overview 


The GPIO is a programmable, general purpose I/O controller which is used to implement functions not 
implemented with dedicated controllers and only requiring simple input or output signals. 


In SiRFatlasV, there is a total of 55 GPlOs; each GPIO pin can be configured as input or output 
independently. When the GPIO is configured as input, it can also be enabled as an interrupt source 
(either edge or level triggered). For the GPIO pin pull function, all the GPIO can be configured with or 
without the pull independently. 


In SiRFatlasV, five GPIO groups are reserved. In each GPIO group, there is one control register for each 
GPIO, one pad enable register for each GPIO group, one interrupt status register for each GPIO group 
and one DSP enable control register for GIOP group 0. All GPIO pins are allocated into different groups. 


NOTE - Only group0 can be accessed by the DSP interface. 


Feature List 


e GPIO programmed as input can be the interrupt source for CPU or DSP (group 0). 
e Rise edge, fall edge, as well as low-level and high level interrupt are all supported. 


Pin Description 


Pin MUX of GPIO 
The following table shows the pin MUX of each GPIO pin: 


ie resene 
fe soe 
fe fxm 


En 2 
adieu SOS 
Ee 
[xvas 
fees SSS 
a 
fe idixess SSCS 
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Table 174: GPIO Pin MUX 


Functional Descriptions 


Block Diagram 


Control interface 


Figure 16: GPIO Block Diagram 


Register Definitions 


The GPIO Pin Output Enable bit (OUT_EN) is used to set the GPIO pin to output or input. When 
programmed as an output, the pin can be set high by writing 1 to the corresponding bit in the GPIO Pin 
Data output bit (OUT) and set low by writing 0 to the same register. The GPIO Pin Data output register 
can be written regardless of its I/O configuration. 
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If a pin is configured as an input, the pin becomes output when it is reconfigured as output. The GPIO pin 
state can be validated by reading the GPIO Pin data input bit (DATA_IN). This register can be read at any 
time even it is in output state. 


The GPIO pull control register (PULL_EN, PULL_TYPE) is used to configure the GPIO input pin to 
determine its status. Please refer to the register description. 


GPIO supports two types of interrupts: edge and level triggered. You can set the GPIO interrupt type bit 
(INT_TYPE) to choose an interrupt type. To enable the interrupt, use the GPIO interrupt enable bit 
(RISC_INT_EN /DSP_INT_EN). To set the interrupt type defined in GPIO_INT_T YPE(high-level/rising- 
edge), use the GPIO high-level trigger bit (INT_HT). To set low-level or falling edge interrupt type defined 
in GPIO_INT_TYPE, use the GPIO low-level trigger bit (INT_LT). The GPIO interrupt status bit 
(INT_STATUS) is used to read interrupt status from the GPIO. 


The GPIO DSP access enable register (GPIO_DSP_EN) is used to define whether a GPIO is accessed 
by DSP or by RISC. Only GPIO group 0 can be accessed by DSP. 


Each GPIO pin has a control register, a GPIO PAD enable register that controls PAD MUX, and an 
interrupt status register. 


Register Address Mapping 


Base Address 


Access Type Address Mapping 


GPIO register base address through RISC I/O 0x80090000 
GPIO register base address through DSP I/O (group 0 only) 0x200 


Table 175: GPIO Controller Base Address Mapping 


Register Mapping 
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0x284 | GPIO2_PAD_EN GPIO group? pad enable 
0x28C | GPIO2_INT_STATUS | GPIO group2interrupt status for RISC 
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GPIO4_CTRL25 GPIO control for GPIO4 bit 25 
GPIO4_CTRL26 GPIO control for GPIO4 bit 26 
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RISC Address DSP Address Reaist D inti 
<11:0> <6:0> egister escription 


0x48C GPIO4_INT_STATUS | GPIO group4 interrupt status for RISC 


Table 176: GPIO Register Mapping 


Register Descriptions 


e GPIO control register (GPIO_CTRLx) 
Each GPIO_CTRLx register controls one GPIO pin. 


[et [Nene [oomu[ SSC 


GPIO Interrupt low/falling edge trigger enable: 


0: Either the falling-edge interrupt or the low-level interrupt is 
disabled. 


1: If GPIO_INT_TYPE is set, then the falling-edge interrupt is 
enabled; if GPIO_INT_TYPE is de-asserted, then the low-level 
interrupt is enabled. 


GPIO Interrupt high/rising edge trigger enable: 
0: Either the rising-edge interrupt or the high-level interrupt is 

4 (RM) | INT_HT Clsabler 
1: If GPIO_INT_TYPE is set, then the rising-edge interrupt is 
enabled; if GPIO_INT_TYPE is de-asserted, then the high-level 
interrupt is enabled. 


) 
GPIO Interrupt Type Select bits: 
2 (R/W)_ | INT_TYPE 0: interrupt is level-triggered. 
1: Interrupt is edge-triggered. 
) 


0 (RW) 


Enables the GPIO to generate interrupts to RISC when the interrupt 
RISC_INT status is set: 
3(RW) | EN 0: Interrupt is disabled. 
1: Interrupt is enabled. 
GPIO Interrupt Status: 
0: No interrupts. 
4 (RIW) INT_STAT p 
US 1: There is an interrupt request. 
Write one to the bit will clear the interrupt status bit. 
GPIO Data output enable: 
5 (R/W) | OUT_EN fo 0: The GPIO is input pin. 
Status 1: The GPIO is output pin. 
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[wane [eto [——SSSS~«enon 


Refer Enables the GPIO Pull function: 
8 (RW) | PULL_EN ei 4: Enable 
Status 0: Disable 


Refer to | GPIO pull type selection when the pull function is enabled: 
9(RW) | TYP | fable: | 4: Pull High 
Status 0: Pull low 


Exists only for GPIO group0; GPIO will generate different interrupts 
to DSP and RISC. There are different interrupt enable registers for 
DSP_INT_ DSP and RISC. 
EN 1’bO Enables the GPIO to generate interrupts to DSP when the interrupt 
status is set: 
0: Interrupt is disabled. 
1: Interrupt is enabled. 


Table 177: GPIO Control Register Definition 


NOTE — When GPIO is set as input (OUT_EN=1’b0), it can be configured as pull function 
according to the setting of PULL_EN and PULL_TYPE. However, when the pull function 
is enabled and before switching into another full function, it must disable PULL_EN first. 
For example, if the current GPIO status is pull-high, before switching to pull-low, it must 
set PULL_EN=1’b0, then setting PULL_TYPE=1’b0 and enable the pull function 
(PULL_EN=1’b1). 


e GPIO DSP Control Enable Register (GPIOO_DSP_EN) 
This control register only exist for GPIO groupoO. 


a 


GPIO DSP control enable: 


31:0 (RAW) | DSP_EN<31:0> | 32'hO 1: The GPIO pin is controlled by DSP. 
0: The GPIO pin is controlled by RISC. 


Table 178: DSP Control Enable Register Definition 


e GPIO PAD Enable Register (GPIOx_PAD_EN) 


Each bit in GPIOx_PAD_EN controls the pad MUX of corresponding GPIO pin in group x, for 
example: 


- GPIOO_PAD_EN<O0> controls the pad MUX of GPIO pin 0 in group 0 
- GPIO2_PAD_EN<21> controls the pad MUX of GPIO pin 85 (32*2+21) in group 2 
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All the GPIO is enabled at the default status except of GPIO3[16:15], and GPIO4[28:24]. 
So the default value of GPIO pad enable in AtlasV is: 


GPIOO_PAD_EN: 32'bxxxx_1111_1111_11xx_1111_1111_1111_1111 


GPIO1_PAD_EN: 32'bxx11_xxxx_xxx1_xxxx_1111_1111_1xxx_1111 


GPIO2_PAD_EN: 32'bxxxx_XxxXxX_XXXX_XXXX_XXXX_XXXX_XXXX_XXXX 


GPIO3_PAD_EN: 32'bxxxx_xxxx_1111_11x0_OXxxx_XXxx_XXXX_XXXX 


GPIO4_PAD_EN: 32'bxxx0_O000_xxxx_Xxxxx_XXXX_XXXX_XXXX_XXXX 


NOTE —1’bx indicates the value of this bit is reserved. 


Refer to the section of Pin Sequence and Ball Assignment for which pins to enable as GPIO by 
default for different modes. 


[se [ Wane beteut [Ct esernton 


Refer to 
the 
=i GPIO PAD MUX control: 
; ; in ; ~ 

31:0 (R/W) | PAD_EN<31:0> Sequence 1: The pin is used by GPIO. 
and _ Ball | 0: The pin is used by other blocks. 
Assignme 
nt 


Table 179: GPIO PAD Enable Register Definition 


e GPIO INTERRUPT STATUS Register (GPIOx_ INT_STATUS) 
This register contains the interrupt status for all GPIO pins in group x. 


This register is set as read-only. Writing to this register will produce no effects. To clear the 
interrupt, write the INT_STATUS bit in GPIO control register. 


[be [Wone [ota [Deserpion 


GPIO interrupt status: 


INT_STATUS<31:0> 0: No interrupts. 
1: There is an interrupt request. 


Table 180: GPIO Interrupt Status Register Definition 
eFuse 


The module is the interface of the programmable electrical fuse macro, whose primary function is to carry 
out program and read operations. For detailed information please contact a SIRF Application Engineer. 
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Touch Screen Controller 


Overview 


The Touch Screen (TS) Controller is used for driving the touch screen to perform coordinates and 
pressure measurements. It supports a 4-wire resistive touch screen interface which can be used for PDAs, 
Cell phones, Smart handheld devices, MP3 players and so on. There are three auxiliary inputs which are 
supported by the Touch Screen Controller for the other measurements, such as temperature, battery and 
so on. Also stream mode is supported through one of auxiliary inputs. The stream mode is used for 
converting analog input at a configured 8K/16K/24K/32K/40K/48K SPS (Samples per Second) conversion 
rate, which can be used for recording stream from microphone. 


Feature List 


e §=©12-bit resolution 

e 600kSPS maximum conversion rate 

e 3.3 V (Typical) analog supply, 1.2 V (Typical) digital supply 

e Xdirection measurement 

e Y direction measurement 

e Auto-sequential measurement 

e Touch pressure measurement 

e Supports 4-wire touch screen 

e Three auxiliary inputs for general purpose measurements (e.g. temperature, battery, etc.) 
e Stream mode with configured sampling rate 


Pin Description 


V0 Default Default Description 
Type Function Status P 


Analog ze Asa Touch-Screen X+ terminal 


pow one | S| [ese 
rae fe | 
se ome | fe [oe 
am ome | [ieee 
se fom | [| [eee 


Table 181: TSC External Pin Descriptions 
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Functional Descriptions 


Block Diagram 
The TSC is a mix-signal design. It has an Analog Module which is built around a 12-bit ADC. 


The block diagram of the TSC is shown in the Figure below. 


Analog signals from TS Touch Screen Controller 


Interface 


RISC VO 


Analog auxiliary signals 


Reference Voltage 
SEE ae 


Figure 17: TSC Block Diagram 


Module Descriptions 


Top Level of TSC 


The Touch Screen Controller supports a 4-wire resistive TS interface; it also supports three auxiliary 
inputs for general purpose measurements. 

While connected to the 4-wire touch screen, the controller can work in either polling mode or continuous 
mode, which can be set by ARM through the IO interface. The interrupt signal (intr) is used to notify the 
ARM that either a pen-down is detected or data is available for measurement. When the screen is 
touched, the pen-down interrupt register (PEN_INTR) will be set by the controller. The controller will then 
begin measurement according to the corresponding register set by ARM. The TS Controller will notify 
ARM by setting the data interrupt register (DATA_INTR) when it finishes measurement, then ARM can 
read the measured data from the registers. 

For the auxiliary input measurement, the first step is to set the touch screen power management register 
(PRP) to the corresponding mode, and the ADCSEL register will be set to select a corresponding auxiliary 
measurement. The controller will signal ARM through the DATA_INTR register as the data is available on 
the auxiliary data registers. Following figure illustrates the top-level of TS Controller which consists of two 
main modules, Analog module and TSC interface. The analog module has its own power domain. 
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RI VO R/W 
4-wire TS talked 


3-auxiliary Input Analog DMA I/O Read 


module 


TSC Interface 
Analog Power 


Reference Voltage 


Figure 18: Top Level of TS Controller 


Analog Module 


The analog module is built around a 12-bit ADC for TS applications. 


In Analog module, the driver switches which consist of several nMOS and pMOS are used for controlling 
the analog input terminal of 4-wire touch screen. The input multiplexer is used for selecting the 
corresponding analog input for ADC sampling. 


The pen-down detector function is implemented through a Pull-up resistance and a pMOS gate; detailed 
implementation of this function will be described later. 


The current consumption of Analog module in normal operation is 14.85mW and 66uW in power-down 
mode. 


Principles of Operation 


Pen-Down Detection 


The pen-down detection is implemented separately from the resistance and conductance of the touch 
screen plate; it is made with a simple analog circuit - a pMOS gate and a resistance. To implement pen- 
down detection, simply set the puon pin to logic high. Before executing pen detection, the first step is pre- 
charge. At the pre-charge step, the xppsw driver should be opened and the XP node should be changed. 


After pre-charge the second siep is discharge. The touch screen interface should close the xppsw driver 
and the discharge will begin through opening the ynnsw driver after pre-charge. The purpose of discharge 
is to discharge the charge on decoupling capacitors in order to sample pen-down interrupts. When the 
touch screen is untouched, the internal XP is pulled High and there will be no current flows. The penirq 
output will be at the logic state High. 


When the screen is touched, the internal XP will therefore be pulled down and penirq will output logic Low 
to indicate that the screen is being touched. 


The next picture illustrates a simplified schematic of pen-down detection on a 4-wire touch screen. 


August, 2010 SiRF Datasheet — Proprietary and Confidential 138 


DRAFT 


August, 2010 


AvDD 


pening 


AGND 


Figure 19: Pen-Down Detection on 4-Wire Touch Screen 
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Y/X Coordinate Measurement 


The principle of operation is illustrated in the following figure. 

For the Y coordinate measurement, the YP pin is internally driven to AVDD and YN to AGND. So the Y 
coordinate is a potential divder and the voltage at the touched point is proportional to its Y coordinate, this 
voltage can be measured on the XP terminal because no more current is flowing through it. 


X coordiante measurement is similar to that of the Y coordinate. 


AVDD 


IN. Converter 


AVDD 


Figure 20: Y Coordinate Measurement on 4-Wire Touch Screen 
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Pressure Measurement 


Pressure Measurement is implemented by calculating contact resistance between the top and bottom 
plates of the touch screen. This calculation requires three auxiliary measurements, measurement of the X 
position and two additional cross panel measurements of the touch screen. All these measurements are 
performed using the switch drivers. You also need to know the value of the X plate resistance. 


Measure X Measure Z 1 


Measure Z 2 


Figure 21: Pressure Measurement Block Diagram 


Using the following equation to calculate the touch resistance: 
X (Z2 
R =R *___| ___] 
TOUCH X —Plate 1024 [ Z| 


The second method requires the knowledge of both the X-Plate and Y-Plate resistance, as well as 
measurement of the X-Position and Y-Position, and Z1. The following equation is used to calculate touch 


resistance: 
Ry fms X (1024 Y 
Rroucn = “ 17 [ 71 = 7 — Ry pate 7 fi = aa) 


Auxiliary Measurement 


Auxiliary inputs are used for the measurement of temperature, battery and so on. There are three pins for 
the auxiliary measurement. When using auxiliary measurement, the reference voltage of ADC topology 
will be the voltage connected on the ADC’s reference PAD. 


Stream Mode of TSC 


The stream mode is an alone mode compared with coordinate measurement and auxiliary measurement. 
Although only one ADC is used for the stream mode, coordinate and auxiliary measurement, time-division 
multiplexing techology is used to ensure that steam mode can work together with these two measurement 
at the same time period. 


In stream mode, ADC converts analog input at certain conversion rate which can be configured by 
software. Any one of auxliary inputs can be configured as analog input in stream mode. The converted 


data by ADC is stored into FIFO first, and then transferred into memory through DMA. The figure below 
shows the data stream path in stream mode. 
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Figure 22: Data Flow in Stream Mode 


The FIFO’s width is 16-bit and ADC’s data out is 12-bit. So each time, after ADC finish one data 
convertion, this data is wrapped into a 16-bit and then filled into FIFO. Register WRAP_CTRL is used to 
control the wrap format. 

When setting WRAP_CTRL to different value, the 16-bit data format in FIFO data shows in the blow table. 


et el ee a eee 
[oaia [ADC Conversion daaliia} [4b 
fs [wee 
WRAP_CTRL=3’b001 
Data ADC Conversion Data[11:0] 
afi fer 
WRAP_CTRL=3’b010 
Data ADC Conversion Data[11:0] 


Data ADC Conversion Data[11:0] 

Bt 162 io 
WRAP_CTRL=3’b100 

oa [#00 «(AD Conversion Data 


Table 182: 16-Bit Data Format in the FIFO 


Cc 


Operation of the TS Controller 


The TS Controller includes two parts of circuit: 


e Pen detecior: detects whether the screen is touched. 
e Digitizer: is used for measurement. 


A TS Controller operation is defined as the process of controlling these two parts of circuit. 
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Analog Module Disable Mode 


This mode is the default status of the TS controller or when register PRP is set to 2’b00. Both the pen- 
detector and digitizer are disabled in this mode. In addition, ADC will be powered down and all driver 
switches will be opened. 


Pen Detector Enabled while Digitizer Is Disabled (Wake-Up ADC) 


This mode is used for the coordinate measurement (X/Y/Z). However it does not support auxiliary 
measurement. 


Writing PRP to 2’b01 will automatically enter this mode. As the digitizer is disabled, the ADC will be 
powered off and all driver switches will be turned off except for the one that drives ynnsw (drives the yn to 
the agnd). The puon pin will be set to logic low to monitor whether or not the screen is touched. 


When the screen is touched, the PENIRQ pin is pulled to logic high to alert the TSC interface. Upon 
receiving the penirq signal from Analog Module, the TSC Interface will generate a pen-down interrupt 
(pen_intr) to ARM. Then ARM will set the coordinate condition and initiate measurement. This shows that 
the TSC interface enables the digitizer through the control signals to the Analog Module. 


TSC has two measurement modes: polling and continuous. For the polling measurement mode, the 
measurement may occur only when the ARM chip writes the register Poll once. In continuous mode, the 
measurement will be repeated when meeting measurement conditions (such as pen-down). 
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Figure 23: X Coordinate Polling Measurement Flowchart 
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Polling Measurement of the Y Coordinate 
The polling measurement of the Y coordinate is similar to that of the X coordinate. 


e Polling Measurement of the Z Coordinate 


Touch pressure can be determined indirectly by measuring the contact resistance on the Z 
coordinate. Therefore pressure measurement requires making three measurements as _ this 
process: 


- Measurement of the X position 
- Two additional cross-panel measurements of the TS 
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Figure 24: Z Coordinate Polling Measurement Flowchart 
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e Polling Measurement of XY Coordinates 
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Figure 25: XY Coordinate Polling Measurement Flowchart 
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e Polling Measurement of XYZ Coordinates 
The polling measurement of XYZ is similar to that of the XY coordinate. 


e Continuous Measurement of the X Coordinate 
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— 
Yes 
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Figure 26: X Coordinate Continuous Measurement Flowchart 
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Continuous Measurement of the Y and Z Coordinates 
The continuous measurement of Y and Z is similar to that of the X coordinate. 


e Continuous Measurement of XY Coordinate 


Enable pen-detector 
(PRP=2'b 01) 


. Set penctr to 0 coordinate in ADCDy 


2. Cancel the YNN driver 
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Figure 27: XY Coordinate Continuous Measurement Flowchart 
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e Continuous Measurement of XYZ Coordinate 
The continuous measurement of XYZ is simular to that of the XY coordinate. 


Pen-Detector Enable while Digitizer Disable (No Wake-Up ADC) 


This mode is only for the pen-detector. 


Enable pen-detector 
(PRP=2'b 10) 


1. Set penctr to 1 
2. Open XPP 


<= Is screen touched? y 
Yes 
Issue penirq 
to TS interface 


1, Set penctr to 0 
2. Cancel the YNN driver 
3. Issue intr_pen to ARM 


Figure 28: Pen-Detector Enable while Digitizer Disable (No Wake-Up on Pen-Down) 
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Both Pen-Detector and Digitizer Enable 


This mode can perform either coordinate or auxiliary measurement according to the value of the 
ADCSELO register. However it is not recommended to use this mode for coordinate measurements due to 
power consumption issues. 


e Polling Measurement of the X Coordinate 
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Figure 29: X Coordinate Polling Measurement Flowchart (PRP=2’b11) 


e Polling Measurement of Auxiliary Input 
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Figure 30: Auxiliary Input Polling Measurement Flowchart (PRP=2’b11) 
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e Continuous Measurement of the X Coordinate 
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Figure 31: X Coordinate Continuous Measurement Flowchart (PRP=2’b11) 
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e Stream Mode Measurement 
The blow figure shows the flowchart of the stream mode measurement. 
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Figure 32: Stream Mode Measurement Flowchart 
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Register Definitions 


Register Address Mapping 


Base Address 


Access Type Address Mapping 


TSC-based address through RISC I/O 0x80120000 


Table 183: TSC Address Mapping 


Register Mapping 


Table 184: TSC Register Mapping 
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Detailed register mapping of the TS controller (empty cells indicate reserved registers): 


DEFA 


worn froufrorane [coofoe|- | [| [am 
WAIT_ DEL. | DEL 


Table 185: Detailed TSC Register Mapping (1) 


7: DEFA 
6 ULT 
0x0008 fe eas DATA_INTR_EN QI PEN_INTR | DATA_INTR | 32'h0 


Table 186: Detailed TSC Register Mapping (2) 


EC En Ec 
focooe [prow [vatioy —_[vatiox_ 
Ea 
foo | |vaw.00 | 
foo [van 
as a_i 


VALID_A2 


Table 187: Detailed TSC Register Mapping (3) 


Register Description 


TSC Power Management 
To save power, both the digitizer and the pen-down detector of Analog module can be disabled when 
they are not being used. 


When the digitizer is disabled, ADC will be powered off and all driver switches will be turned off except for 
the one that drives the YNN (drives the YN to the AGND). When the pen-down detector is disabled, the 
YNN driver switch will be turned off in order to disable the pen-down detection function. 
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The status of the digitizer and the pen-down detector is controlled by the following bits: 


TSC Power Management 


[bt [None [Beteut [onserpion 


Analog Module power management. 
00: Pen digitizer off, pen detector off (default). 
15:14 01: Pen digitizer off, pen detector enable; pen digitizer 
(RW) 2’b00 wakes up when pen-down is detected. 
0x0004 10: Pen digitizer off, pen detector enable, no wake-up pen 
digitizer when pen down is detecied. 
11: Both the pen digitizer and the detector are enabled. 


Table 188: TSC Power Management 


TS Initiation of Measurement 
The TSC interface supports both polling and continuous mode for measurement. In a polling mode, each 


measurement is initiated individually by writing logic H to the POLL bit. This bit will automatically reset 
itself to logic L when the measurement process is completed. 


e TS Initiation of Measurement 
fei [Name [etaut [Descrsion 


10 (R/W) 0 : Polling mode 
CTC 1’bO : 
0x0000 1 : Continuous mode 


ey POLL 1’bO Writing 1 initiates measurement in polling mode 
0x0000 9 a 


Table 189: TS Initiation of Measurement 


TS Measurement Types 
The ADCSELO register deierrnines which type of measurement is performed. 


When COO is set to 1°60, there will only be one type of measurement both in polling or continuous mode. 
When COO is set to 1’b1, it is easy to obtain coordinate pairs rather than single coordinate measurement. 


In polling coordinate mode (COO=1’b1, CTC=1’b0), the TS controller performs the X measurement, 
followed by a Y measurement and an additional measurement determined by ADCSELO before stopping. 
In continuous coordinate mode (COO=1’b1, CTC=1’b1), the TS controller continuously repeats a 
sequence consisting of a X coordinate measurement, followed by a Y coordinate measurement and an 
additional measurement determined by ADCSELO. 
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e TS Measurement Types Control Registers 


[ek [ene [Beta [Desorption 


Measurement type (ADC input selector) 

000: No measurement 

001: X coordinate measurement 

010: Y coordinate measurement 
ADCSELO 011: Z coordinate measurement 

100: AUXO measurement 

101: AUX1 measurement 

110: AUX2 measuremeni 

111: Reserved 


14:12 (RIW) 
0x0000 


Enable coordinate mode 
11 (R/W) 0: Single measurement according to ADCSELO. 


0x0000 1: X, then Y, then additional measurement indicated 
by ADCSELO. 


Table 190: TS Measurement Types Control Register 


TS Read-Back Register 


There are three types of read back data from the TS controller. 


e Pen status, which indicates whether the pen is up or down 
e Output data from ADC 
e Data valid 


When the ADC data is output to the data registers, the corresponding valid registers will be set to 
1’b1, then the data valid registers will reset themselves (set to 1’b0) after the corresponding data 
registers are read by ARM. 


The WAIT_READ register indicates whether or not to overwrite the new data to the unread data register. 


Pen status 
0: Pen Up 
1: Pen Down 


31 (R) 
0x000C 


11:0 Touch Screen X coordinate measurement data 
(R) ADCDX[11] = MSB 

0x000C ADCDX[0] = LSB 

23:12 Touch Screen Y coordinate measurement data 
(R) ADCDY[23] = MSB 

0x000C ADCDY[12] = LSB 
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11:0 
(R) ADCDZ1 
0x0010 


23:12 
(R) ADCDZ2 
0x0010 
11:0 
(R) ADCDAO 
0x0014 
11:0 
(R) ADCDA'1 
0x0018 
11:0 
(R) ADCDA2 
0x001C 
2 
( VALID_X 
0x000C 
( VALID_Y 
0x000C 
2 
( VALID_Z1 
0x0010 
( 
( VALID _AO 
0x0014 
( VALID_A1 
0x0018 
( VALID_A2 
0x001C 


3 
3 
3 
3 
3 


9 

R) 

0 

R) 

9 

R) 

0 

R) VALID_Z2 
0x0010 
0 

R) 

0 

R) 

0 

R) 


Touch Screen pressure measurement data 
ADCDZ1[11] = MSB 
ADCDZ1[0] = LSB 


Touch Screen pressure measurement data 
ADCDZ2[23] = MSB 
ADCDZ2[12] = LSB 


Touch Screen auxiliary 0 measurement data 
ADCDAO[11] = MSB 
ADCDAO[0] = LSB 


Touch Screen auxiliary 1 measurement data 
ADCDA(1[11] = MSB 
ADCDA\(1[0] = LSB 


Touch Screen auxiliary 2 measurement data 
ADCDA2[1 1] = MSB 
ADCDA2(0] = LSB 


X measurement data valid 
0: Invalid 
1: Coordinate data is valid 


Y measurement data valid 
0: invalid 

1: coordinate data is valid 
Z1 measurement data valid 
0: Invalid 

1: Coordinate data is valid 


Z2 measurement data valid 
0: Invalid 
1: Coordinate data is valid 


Auxiliary 0 measurement data valid 
0: Invalid 
1: Auxiliary 0 data is valid 


Auxiliary 1 measurement data valid 
0: Invalid 
1: Auxiliary 1 data is valid 


Auxiliary 2 measurement data valid 
0: Invalid 
1: Auxiliary 2 data is valid 
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[et [None [sau [oescipion 
9 


0: No effects (new ADC data overwrites unread data) 


(RW) WAIT_READ 1: New data is being held back, and measurement is 
0x0004 delayed until data registers are read 


Table 191: TS Read-Back Register 


TS Interrupt Status Registers 


When the screen is touched, the pen interrupt will be initiated (as long as it is enabled). However, the 
INT_PEN register can still be set to logic H regardless of whether or not the pen interrupt is enabled. After 
the measurement data is stored into the corresponding data register according to its measurement type, 
the data ready interrupt will be initiated if it is enabled. The INT_DATA register can still be set to logic H 
regardless of the enable/disable state of the data interrupt. 


e Touch Screen Interrupt Status Register 


Description 


Data ready interrupt status: 
0: No interrupt. 
1: Data ready interrupt exists. 


Writing 1 to this bit will clear the interrupt and writing 
0 produces no effects to the interrupt status. 


Pen-down interrupt status: 

1 (RW) easEN a, 0: No eee | 

0x0008 _ 1: Pen-down interrupt exists. 
Writing 1 to this bit will clear the interrupt and writing 
0 produces no effects to the interrupt status. 


0 (RW) 


INT_DATA 
0x0008 


Data ready interrupt enable: 
0: Data ready interrupt is disabled. 
1: Data ready interrupt is enabled. 


4 (RW) 

INT_DATA_EN 
0x0008 
5 (RW) 

INT_PEN_EN 
0x0008 


Table 192: Touch Screen Interrupt Status Register 


Pen-down interrupt enable: 
0: Pen-down interrupt is disabled. 
1: Pen-down interrupt is enabled. 


Time Control Registers 


In order to conduct accurate measurements, the setting time and pre-charge time of the touch screen 
must be set. The pre-charge time indicates the required time between closing the switch to pre-charge 
the pen-detector and opening this switch. While the setting time indicates the required time between 
closing the switch to applying a voltage across the touch screen and sampling the input signals by ADC. 
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[ee [Name _[Detaut [Deserpion 


The touch screen setting time before ADC begins to sample 
input signals: 
0000 : 
0001 : 
0010 : 
0011 : 
0100: 
0101 : 

oe 0110: 

(RW) DEL_SET 4’b0 0111: 

0x0000 41000 : 
1001: 
1010: 
1011: 
1100: 
1101: 
1110: 
1111: 


No delay 
8 us 

16 us 
32 US 
48 us 
64 us 
96 us 
128 us 
192 us 
256 us 
384 us 
512 us 
768 us 
1ms 
1.28 ms 
1.5 ms 


The discharge time before the pen detector is initiated: 


0000 : 
:8us 
0010: 
: 32 us 
0100 : 
: 64 us 
3:0 0110: 
: 128 us 
0x0004 1000 : 


0001 


0011 


0101 


(RW) DEL_DIS | 0111 


1001 


1101 


1111 


No delay 


16 us 


48 us 


96 us 


192 us 


: 256 us 
1010: 
1011: 
1100: 


384 us 
512 us 
768 us 


:1ms 
1110: 


1.28 ms 


:1.5 ms 
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[a [Nene [stu [Deserion 


The pre-charge time before the pen detector is initiated: 
0000 : No delay 
0001 : 8us 
0010 : 16 us 
0011 : 24 us 
0100 : 32 us 
0101 : 48 us 
7:4 0110 : 64 us 
(R/W) DEL_PRE 4’b0 0111: 96 us 
0x0004 1000 : 128 us 
1001 : 160 us 
1010 : 192 us 
1011 : 256 us 
1100 : 320 us 
1101 : 384 us 
1110 : 448 us 
1111 : 500 us 


Table 193: Time Control Register 


Stream Mode Registers 
e TSC Stream Mode Control Register (TSC_STREAM_CTRL) -0x0044 


[si _[Wene [Batu [oesoupion 


Stream mode enable. 
0 (R/W) STREAM_EN 0: Stream mode is disabled. 
1: Stream mode is enabled. 


Sampling rate of stream control. 
000: 8K SPS 
001: 16K SPS 
010: 24K SPS 
3:1 (R/W) RATE_CTRL 
011: 32K SPS 
100: 40K SPS 
101: 48K SPS 
Other: 8K SPS 
Stream channel selection. 
6:4 (R/W) CHN_SEL 000: AUX0O as stream mode channel. 
001: AUX1 as stream mode channel. 
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010: AUX2 as stream mode channel. 
Other: AUXO as stream mode channel. 


This register controls how to wrap 16-bit FIFO with 12-bit 
ADC output data in stream mode. 


000: Low 4-bit of FIFO data is filled with zero. 


001: Low 3-bit and High 1-bit of FIFO data is filled with zero. 
010: Low 2-bit and High 2-bit of FIFO data is filled with zero. 
011: Low 1-bit and High 3-bit of FIFO data is filled with zero. 
100: High 4-bit of FIFO data is filled with zero. 

Other: Low 4-bit of FIFO data is jilled with zero. 


Table 194: TSC Stream Mode Control Register 


9:7 (R/W) WRAP_CTRL | 3’b0 


e TSC FIFO level check Register (TSC_FIFO_LEVEL_CHk) -0x0048 


fae [rome [ott oreo 
3:0(RW) | FIFO_SC Stop check in Double word. 
a 


um FIFO_LC all 2 Low check in Double word. 


23:20 
(RW) FIFO_HC mm High check in Double word. 
3124) [- pena Resewes 


Table 195: TSC FIFO level check Register 


e TSC FIFO Operation Register (TSC_FIFO_OP) -0x004C 


0 (RW) | FIFO_START Starts the read/write transfer when this bit is set. 


Set to 1 to stop the FIFO and reset the FIFO internal 
1 (RW) FIFO_RESET 1’b0 status including its relevant interrupt status. 
Set to 0 in normal operation. 
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Table 196: TSC FIFO Operation Register 


e TSC FIFO Status Register (TSC_FIFO_STS) -0x0050 


FIFO full status: 
1: FIFO is in full state 
FIFO FULL 0: FIFO is not in full state. 


It indicates the current FIFO ful! status, once the FIFO 
status is changed, the status bit will be cleared 
automatically. 


FIFO empty status: 
1: FIFO is in empty state 

FIFO EMPTY 1’b1 0: FIFO is not in empty state 
It indicates the current FIFO empty status, once the 
FIFO status is changed, the status bit will be cleared 
automatically. 

FIFO overfiow status: 
1: FIFO overflow takes place. 
0: FIFO is not overflow. 

FIFO_OFLOW 1’b0O It indicates the current FIFO over flow, once the FIFO 
status is changed, the status bit will be cleared 
automatically. 
Also user can write 1’b1 to clear the register bit after 
the FIFO overflow takes place. 
FIFO underflow status: 
1: FIFO underflow takes place. 
0: FIFO is not underflow. 

FIFO UFLOW It indicates the current FIFO under flow, once the FIFO 

= status is changed, the status bit will be cleared 

automatically. 
Also user can write 1’b1 to clear the register bit after 
the FIFO overflow takes place. 


The byte count of the valid data in the FIFO varies from 
0 to 63 bytes. In case FIFO is full, the value of this 

9:4 (R) FIFO LEVEL register will be set to 0, thus users must concatenate 
the FIFO_FULL bit with this value to determine the 
actual data count in it. 


Table 197: TSC FIFO Status Register 
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e TSC FIFO Interrupt Register (TSC_FIFO_INTR) -0x0054 
as 
1: FIFO full interrupt is enabled. 
0 (R/W) | INT_FIFO_FULL_EN 
0: FIFO full interrupt is disabled. 
1: FIFO empty interrupt is enabled. 
1 (R/W) | INT_FIFO_EMPTY_EN . sb a, 
0: FIFO empty interrupt is disabled. 
1: FIFO overflow interrupt is enabled. 
2 (R/W) | INT_FIFO_OFLOW_EN és -., 
0: FIFO overflow interrupt is disabled. 
1: FIFO underflow interrupt is enabled. 
3 (R/W) | INT_FIFO_UFLOW_EN mes 
0: FIFO underflow interrupt is disabled. 
FIFO overflow interrupt: 
1: FIFO overflow takes place. 
0: FIFO is not overflow. 
4 (RW) | INT_FIFO_OFLOW User can write 1’b1 to clear the register bit after 
the FIFO overflow takes place. 
After the overflow, the hardware can not clear 
1: FIFO underflow takes place. 
0: FIFO is not underflow. 
5 (RW) | INT_FIFO_UFLOW Users need to write 1’b1 to clear the register bit 
after the FIFO underflow takes place. 
After the underflow, the hardware can not clear 
this bit even the FIFO is out of underflow. 
emf «tO 


this bit even the FIFO is out of overflow. 
Table 198: TSC FIFO Interrupt Enable Register 


FIFO underflow interrupt: 
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GRAPHICS AND MULTIMEDIA SUBSYSTEM 


LCD Controller 


Overview 


The LCD controller is used for displaying images to an external display panel and can be used on GPS 
Navigation/Telematics systems, as well as PDAs and smart phones. 


Feature List 


e Active color mode, supported source pixel data up to 16777216 colors (24 bits), and 16 bits output 
data bus 


e Resolution up to 1024x1024 pixels is supported, but is limited by memory bus bandwidth 
e Two layers (typically one for primary surface, the other for overlay surface) 
e One hardware cursor layer (2bits/pixel, 64X64 or 32X32 pixels each) 


e On-chip RGB to YUV hardware conversion and interface to the TV encoder (8-bit 4:2:2 format or 
16-bit 4:2:2 format) 


e Programmable frame and line clock polarity, pulse width and starting location; programmable 
polarity for output enable and toggle frequency of the L_DE output pin 


e Programmable pixel clock frequency and polarity 
e Master and slave modes are supported 


e Depending on the type of panel used, the LCD controller can be programmed to use 8- and 16- 
pixel data output pins 


Pin Description 


External Pin Descriptions 


The following table shows the pins used in the LCD controller and their functions. The LCD controller pins 
are multiplexed with other devices. 


vO WE eu Default Status | Description 
Type Function 


LCD Data Bus: 
Provides 8- and 16-bit data 
at a time to the LCD panel. 
X LDD<15:0 | output low Either the bottom eight pins 
X_LDD<15:0> ir (LDD<7:0>) or the bottom 16 
pins (LDD<15:0>) will be 
used. For active displays, all 
used data pins represent a 
single pixel. 


LCD Shift / Pixel Clock 
(programmable polarity) for 
X_L_PCLK /O LCD Input pull d aed 
a bee ali Used by the LCD panel to 
latch the pixel data and 
control signals. 
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VO Default _ 


LCD Line Clock 
(programmable polarity) for 
screen: 

/O Input pull down Used by the LCD display to 
signal the beginning of a 
line. 

/O 


Horizontal sync. 


7 - 
LCD Frame Clock 
(programmable polarity) for 
screen: 

LCD Input pull down Used by the LCD display to 
signal the start of a new 
frame. 

Vertical sync. 
AC Bias or Data Enable for 
X_L_DE GPIO/ROM | GPIO Output low screen: 
Data Enable (DE). 


Table 199: LCD External Pin Descriptions 


Functional Descriptions 


Block Diagram 


Data flow: 


There are two layers within the LCD controller; these layers request data from the external frame buffer. 
LCD_DMA_arbiter arbitrates those requests and grants a layer, then sends the request to the system 
arbiter. The system arbiter then grants that request and provides data from the frame buffer. Data from 
the cursor layer is provided by the SRAM configured by CPU. These two layers and the cursor layer will 
then perform alpha blending, which will result in RGB to YUV conversion. Finally the results will be sent to 
the LCD panel or a TV encoder. 


August, 2010 SiRF Datasheet — Proprietary and Confidential 168 


DRAFT 


August, 2010 


DRAFT 


System bus arbiter 
LCD DMA arbiter 


System 
VO bus 


VINO GOT 
VWG G97 


Alpha blending 
RGB/YUV 
conversion 


Figure 33: LCD Controller Block Diagram 
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There are three interfaces in the LCD block: 


e The layer interface, which processes the pixel data from the frame buffer, the two layers are 
independent. 


e The cursor interface, which processes the cursor data from the internal SRAM. 


e The screen interface, which processes timing control with an external panel and outputs the 
required pixel data. 


Layer Interface 


Layer Display 


There are total of three layers which can be displayed on the screen. The following figure is a display 
example. 


If different layers are overlapped, then alpha blending should be applied. However at some points when 
no layers are overlapped, alpha blending is still applicable with pixe! value 0 (of those layers that contain 
no pixels). 


Background color 


Figure 34: Display Example 


Different layer can be configured to different pixel data format. For example, layer 0 pixel format is 16-bit 
RGB565 data, layer1 pixel format can be 24-bit RGB888 data. 
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Layer Data Format from Frame Buffer 


The LCD controller supports several formats that contain raw RGB data. Each layer can be programmed 
independently to support one pixel format. 


RGB565 (5-bit R, 6-bit G and 5-bit B) 


RGB655 (6-bit R, 5-bit G and 5-bit B) AeA vaallie 


RGB666 (6-bit R, 6-bit G and 6-bit B) TT. T-bit 
R: Red 


RGB888 (8-bit Reserved, 8-bit R, 8-bit G and 8-bit B) G: Green 
TRGB888 (1-bit T, 8-bit R, 8-bit G and 8-bit B) B: Blue 
ARGB888 (8-bit A, 8-bit R, 8-bit G and 8-bit B) 


Table 200: Layer Pixel Data Format 


e Data format for 16-bit RGB565: 


Bit 15 11 10 5 4 0 
R[4:0] G[5:0] B[4:0] 
e Data format for 16-bit RGB655: 
Bit 15 10 9 54 0 
R[5:0] G[4:0] B[4:0] 
e Data format for 16-bit RGB556: 
Bit 15 11 10 65 0 
R[4:0] G[4:0] B[5:0] 


e Data format for 18-bit RGB: 


Bit 31 18 17 12 11 6 5 0 
Unused R[5:0] G[5:0] B[5:0] 


e Data format for 32-bit RGB: 


Bit 31 24 23 16 15 87 0 
Unused R[7:0] G[7:0] B[7:0] 


e Data format for 32-bit TRGB888: 


Bit 31 24 23 16 15 87 0 


August, 2010 SiRF Datasheet — Proprietary and Confidential 171 


DRAFT 
a _ 


Das AT551 Datasheet 


T-bit: 


- 1: The alpha value for this pixel is 0x00; 
- 0: The alpha value of this layer is being used. 


e Data format for 32-bit ARGB8888: 


Bit 31 24 23 16 15 a7 0 
Al7.0] R[7:0] GI[7:0] BI7:0] 


Encoded pixel data of the frame buffer is stored in the off-chip memory (usually DRAM), and is transferred 
to the LCD controllers FIFO. User can select how the LCD views the ordering of the frame buffer pixel by 
programming big/little-endian selection bits. 


There are two levels of endian selection for a dword data from the memory. The following figures are 
examples for these two levels in different bit/pixel formats: 


Bit 15 0 


Pixel data [15:0] 


Pixel 0 


Figure 35: 16-Bit/Pixel Data in a Dword (Little-Endian) 


Bit 23 0 


Pixel data [23:0] 


unused Pixel 0 


Figure 36: 24-Bit/Pixel Data in a Dword (Little-Endian) 


The required bandwidth of each layer is depends on the pixel data format. For example, when one layer 
is configured to 320x240 resolution with RGB565 pixel data format, the required bandwidth should be 
320x240x2, each RGB565 pixel data occupies 2 bytes at the memory side. 


Color Key 


LayerO to layer1 support the color key function, two registers (CKEYB and CKEYS) are used to specify a 
color key range. If a color of the overlay layer is between CKEYB and CKEYS, then the color will be 
transparent and the pixel from the lower layer will be shown instead. 


When the pixel data format of layer is configured to TRGB mode, the color will be transparent and the 
pixel from the lower layer will be shown instead if the bit24 of pixel data is 1. 
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Alpha Blending and Keying Principle 


When a front layer and a background layer are being mixed, the mixer output will contain partial 
background and partial foreground. 


Alpha blending gives the flowing result: 
Mixer_out = alpha*FG + (1 —alpha)*BG 


Where BG stands for background and FG stands for foreground. 


In the formula, alpha is a variable between 0 and 1. The alpha value is decided by the LCD_Lx_ALPHA of 
the foregourd or the alpha from pixel when the pixel data format of foreground is configured to ARGB 
mode. 


If the alpha variable is 1, mixer_out equals to FG (which means only the current layer will be displayed, 
the same applies to alpha variable 0). On the other hand, if the alpha variable is 0, mixer_out equals to 
BG. 

If the alpha variable is less than 1 and greater than 0, then the mixer output will contain both BG and FG. 


When the pixel data format of layer is configured to ARGB mode, the alpha value specified by 
LCD_Lx_ALPHA is invalid and the hardware will get the alpha value from each pixel data. 


Therefore the output data should be: 
Mixer_out = alpha_from_pixel x FG + (1 - alpha_from_pixel) x BG 


Alpha Blending Implementation 


By default, layerO is the bottom layer, and layer1 is on top of layer0. The cursor layer is the top layer. 
Users can select and configure one of the three layers to be the top layer. For example, if layer1 is 
configured to be the top layer, then the layers will be shown in the following sequence: 


Layer0 is the bottom layer, then cursor; on top of the cursor layer is layer’. 


cursor 
layer 
layerO 
bg 
fg 
bg Mixer_out = alpha*fg + (1 —alpha)*bg 
Figure 37: Default Alpha Blending Implementation 
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The default alpha blending implementation is shown in the figure above. Alpha values can be different 
values for different layers. Alpha blending operations are pipelined. 


The following figure illustrates a typical implementation of alpha blending. In this example, layer1 is 
configured as the top layer. 


Layer1 
(top layer) 


cursor 


layerO 
bg 


fg 
bg Eve™ Mixer_out = alpha*fg + (1 —alpha)*bg 


Figure 38: Alpha Blending Implementation Example (Top Layer = Layer 1) 


DMA Operation 


The LCD controller accesses the frame buffer data through its two 2-dimensional DMA channels (layer0- 
layer1) with each corresponding to one layer. The X size determines how many consecutive DMA bursts 
of data are in a line, whereas the Y size determines how many lines are required for the current display. 
The SKIP value determines the number of bytes to skip at the end of a line in order to get to the 
beginning of the next line, and the base address specifies the starting address of DMA. The start address 
for each line must be a QWORD alignment address. 


A control bit allows each DMA to operate in continuous mode. This means that the DMA will repeat itself 
automatically (with the exact same settings) after it is completed for continuous display. This saves the 
software from always having to generate DMA requests. Clearing this bit can stop the continuous DMA. 


Starting 


Sa X size+1 | 


Y size+1 


Skip 1+ Skip 2=Skip 


Figure 39: LCD Controller DMA Memory 2-D Layout 
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In case the QWORD width of the output image is not a multiple of the DMA burst length, some dummy 
spaces will then need to be reserved at each line in order for the frame buffer QWORD width to be a 
multiple of the DMA burst length. The following figure illustrates this example: 


Starting address of one line 


Byte width of valid line 


| Byte width of frame buffer 
Figure 40: LCD Controller Line Frame Buffer Layout 


A DMA chain is also supported; each layer has an extra memory address register. When the DMA chain 
and continuous the DMA mode are enabled, DMA will first be processed from addressO and then 
address1 after the last DMA is completely processed (with same X and Y configurations of last DMA), 
then address0O will be followed. This function can be used for both TV output mode and ping-pong frame 
buffer mode. 


Dma_addr0 


Dma_addr1 


Figure 41: LCD Controller DMA Chain 


Each Layer (layer0-1) has a FIFO with 256*64 bits. 
DMA burst length can be configured to the following sizes: 4 QWord, 8 QWord, 16 QWord. 


Data from VPP 


Layer1 input data can comes directly from the VPP module. If the DEST bit of the VIDEO _PRE_CTRL 
register is set, then VPP will output data to layer1 of the LCD controller directly and DMA of layer1 will be 
stopped. Layer0 will keep fetching data from the frame buffer. 
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Hardware Cursors Interface 


The LCD controller provides a hardware cursor that can be disabled or configured to the following modes: 


e =32x32x2bpp 2-color and transparency mode 
e 64x64x2bpp 2-color and transparency mode 
e 32x32x2bpp 4-color mode 
e 64x64x2bpp 4-color mode 
e =32x32x2bpp 3-color and transparency mode 
e 64x64x2bpp 3-color and transparency mode 


The cursor data is stored in its internal 256x32 bit SRAM. Users can enable, disable and configure the 
cursor by programming the Cursor Control register. 


32x32x2bpp and 64x64x2bpp 2-color and transparency modes , these two modes follow the Microsoft® 
Windows cursor data plane structure. Each pixel has 2 bits, which represent four colors: 


e Two colors are used for drawing a cursor. 

e The third color is used for transparency. This allows the main display image behind the cursor to 
show through. 

e The fourth color is for inverted transparency. This allows the main display image behind the cursor 
to show through, but with inverted color value. 


[Gor bipayed a GorespondingiaelPonllon 
[ower 
[eusoresiet 
nspret The pat fhe an dpaynage Dna he sors shown anh 


Transparent, but inverted. The pixel of the main display image behind the cursor is 
shown through with inverted color. 


[Geer Dipnyed a Coresponding Pinel Poson 
feusoreoro 
[eussrsoet 
[cusoreser? 
[Guvoreses 


Table 202: 4-Color Mode Data Format 
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Bits/Pixel Color Displayed at Corresponding Pixel Position 


Table 203: 3-Color and Transparency Mode Data Format 


The following figure shows one of the formats in which the pixel data is stored in the internal SRAM: 


Bit 31 30 29 28 27 26... .. 7 6 5 4 3 2 1 0 
[Posi2 | Pincit | Pato 
[aa [Poe's [Poeis0 [Petze [- | Poeite | Puerte [Poe 17 [Poe 16 


Screen Interface 


RGB to YUV Conversion 


This function mainly is targeted for video encoders. There is a set of registers which contain coefficients 
to convert RGB outputs to YUV. The conversion is a 3x3 matrix multiplication shown as follows: 


Y C11 C12 C13 R 
U = C21 C22 C23 X G 
Vv C31 C32 C33 B 


NOTE —- This multiplication is a signed multiplication. 


The basic function unit: Out=Cx1*R+Cx2*G+Cx3*B (x = 1, 2, 3). Three such computation units are used 
to get Y, U and V. Currently the booth-4 coding multiplier and CSA adders are used to implement such 
function unit. This function can be bypassed if necessary. 


Data Format Output to LCD Panels 


The following table describes the LCD pin allocation for various types of external LCD panels. It is 
independent with the pixel format of each layer. Whatever the LCD panel type is, the pixel format of layer 
can be programmed to required type according to the system requirement. 


RGBLIX_LCD<7:0> 
X_LDD<7:0> = 
YCrYCb (1X, LDD<7:0> 


YerCbOX_LDD<15:0> 
X_LDD<15:0> RGB565 
R<7:3>>X_LDD<15:11> 
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G<7:2>>X_LDD<10:5> 
B<7:3>>X_LDD<4:0> 


Table 204: Data Pins Allocation for Different Output Pannels 


Data Type 


Frowo [roo [ot [oo [rr fon 


Table 205: Pixel Output Order for 8-Bit RGB Mode 


Table 206: Pixel Output Order for 8-Bit YCrCb Mode 


eer 
Yoo Croo | Y01 Cb01~ | Y02 Cro2 
y10Cri0 | Y11Cbi1. | Y12.cr12 


¥20Cr20. | Y21.Cb21_—- | Y22. Cr22 
¥30Cr30. | Y31.Cb31__- | Y32 Cr32 


Table 207: Pixel Output Order for 16-Bit YCrCb Mode 
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Table 208: Pixel Output Order for 16-Bit RGB Mode 


Register Definitions 
Register Address Mapping 


Base Address 


Access Type Address Mapping 
LCD controller base address through RISC I/O Oxb8000000 


Table 209: LCD Controller Address Mapping 


Register Mapping 


sae 
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— 
0x1400~0x17FC | LCD_CURO_FIFODATA 


Table 210: LCD Controller Register Definition 
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Register Description 


Sync Signal Generation Registers 


In the slave mode, the horizontal and vertical sync signals are output by the display. However in the 
master mode, the LCD controller will generate sync signals based on parameters such as period and 
width of each sync pulse. 


VSYNC_ 
VSYNC_PERIODH 1 WIDTH#1 4 
3 rH 


( ' 
L_FCLK YUN SG VL 
L_LCLK SW HY. PV AVS 


ACT_VSTART}¢$———____—_*} ACT. VENDH 
1 


L_DE 


Figure 42: VSYNC Output 


HSYNC 


\ HSYNC_ PERIOD+1 | WIDT 
kis a sire 1. 


| I 
ACT_HSTART+9 <#—+—"———+#1 ACT_HEND+9+1 


L_D—E ————___ 


Figure 43: HSYNC Output 


e Period for Master Mode Horizontal Sync (LCD_SO_HSYNC_PERIOD) — 0x0000 


[Bi [Name [Betaut [Bessie 


In the master mode where the LCD controller generates 
10:0 sync signals, this value will define the period of the 
oe 11’hO horizontal sync pulse in numbers of pixels. If this register is 
(RW) set to 60, then the sync period is 61 pixel clocks. In slave 
mode, this register produces no effects. 


pam [ewes 


Table 211: Period for Master Mode Horizontal Sync (L_CD_SO_HSYNC_PERIOD) 
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e Width for Master Mode Horizontal Sync (LCD_SO_HSYNC_WIDTH) — 0x0004 


| Default | Description 


For master mode, where LCD controller generates the sync 
signals, this value will define the width (minus 1) of the 
HSYNC_WIDTH | 11’hO horizontal sync pulse in terms of number of pixels. If this 
register is set to 8, then the width of the sync pulse is 9 pixel 
clocks. In slave mode, this register produces no effects. 


Table 212: Width for Master Mode Horizontal Sync (LCD_SO_HSYNC_WIDTH) 


e Period for Master Mode Vertical Sync (LCD_SO_VSYNC_PERIOD) — 0x0008 


[Bi [Name [beaut [Desernton 


In the master mode where the LCD controller generates the 
. sync signals, this value will define the period of the vertical 
me VSYNC_PERIO 11’hO sync pulse in terms of number of lines. In slave mode, this 
(RW) D register produces no effects. 


The actual vertical line number is VSYNC_PERIOD+1. 


Ee a 


Table 213: Period for Master Mode Vertical Sync (LCD_SO_VSYNC_PERIOD) 


e Width for Master Mode Vertical Sync (LCD_SO_VSYNC_WIDTH) — 0x000C 


In the master mode where the LCD controller generates the sync 
10:0 signals, this value will define the width of the horizontal sync 
, VSYNC WIDTH | 14’hO pulse, in either number of lines or number of pixels (on bit 11 
(RW) 7 above). In the slave mode, this register produces no effects. 


The actual width is VSYNC_WIDTH+1 (lines or pixels) 


Usually, this bit is set to 1. 


Ea 


1: Vertical sync pulse width defined below is in number of lines. 
WIDTH_UNIT 1’b0 0: Vertical sync pulse width defined below is in number of pixels. 


Table 214: Width for Master Mode Vertical Sync (LCD_SO_VSYNC_WIDTH) 
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The following conditions must be fulfilled: 


- HSYNC_PERIOD > HSYNC_END 
- VSYNC_PERIOD > VSYNC_END 
- HSYNC_PERIOD > MAX (LO_HEND~L3_HEND, CURO_HEND) 
- VSYNC_PERIOD > MAX (LO_VEND~L3_VEND, CURO_VEND) 


Active Region Definition Registers 


The active region of the LCD display is specified by a rectangle defined by two coordinates, which are the 
horizontal with vertical start position, and the horizontal with vertical end position, as shown in the 
diagram below. The LCD display contains internal counters, which count pixels by pixel clock and lines 
by horizontal sync. The pixel counts are cleared by horizontal sync and the line counts are cleared by 
vertical sync. 


The following conditions must be satisfied for displaying an M (pixels) x N (lines) layer output in 18-bit 
RGB mode: 


e M=LCD_Ln_HEND-LCD_Ln_HSTART+1 
e N=LCD_Ln_VEND-LCD_Ln_VSTART+1 


HSYNC 


, a 


( HSTARFS9, VSTART ) 


ews 


VSYNC 


Depth Active region VSYNC period +1 


( HEND+9, VEND) 
| No HSYNC period + 1 : | 
Figure 44: Screen Active Region 


As show in the figure above, only pixels inside the active window will be visible, pixels outside the active 
window will be clipped. 
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e Horizontal Start Position for Active Screen (_CD_SO_ACT_HSTART) — 0x0010 


[ei [None [Detaut [beseipion SS 


Horizontal start position (in pixel number) 

This value, along with the horizontal end position and vertical 
10:0 : start and end positions, defines the rectangular region of the 
(RW) pe a active window. 


The X_L_DE will be valid after (ACT_HSTART+9) pixel 
clocks when the X_L_LCK valid. 


sat [- to [Rese 


Table 215: Horizontal Start Position for Active Screen (LCD_S0O_ACT_HSTART) 


e Vertical Start Position for Active Screen (LCD_SO_ACT_VSTART) — 0x0014 


[et [Name [etait [Description Cd 
10:0 (R/W) | ACT_VSTART | 11’hO Vertical start position (in line number) 


Table 216: Vertical Start Position for Active Screen (LCD_S0_ACT_VSTART) 


e Horizontal End Position for Active Screen (LCD_SO_ACT_HEND) — 0x0018 


[Bi [None [Beteut [Ossetpion 


In pixel clock numbers 
10:0 In 8-bit RGB mode: ACT_HSTART + (WIDTH — 1)*3 
ACT_HEND | 11’h0 
(R/W) in 8-bit YUV mode: ACT_HSTART + (WIDTH — 1)*2 


Others: ACT_HSTART + WIDTH — 1 


Table 217: Horizontal End Position for Active Screen (L_CD_SO_ACT_HEND) 


e Vertical End Position for Active Screen (LCD_SO_ACT_VEND) — 0x001C 


[et [Mens [eta [Descmnfon SS 


In line numbers. 
10:0 (RW) | ACT_VEND | 11’hO diese 


ACT_VSTART + DEPTH - 1 


Table 218: Vertical End Position for Active Screen (L_CD_SO_ACT_VEND) 
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Screen Control Registers 


The following registers specify modes and parameters for the display. For example: 


e The timing control registers determine whether the pixel clocks and the sync signals are driven by 
the LCD controller or by the display, and whether the signals are active high or active low. 


e The display mode registers set the display data and the output format. 

e The RGBSEQ register determines the pixel sequence for those displays that require one color at a 
time. 

e The BLANK registers define the output value for the blank region. 


Also, to accommodate certain displays, the pixel clock can be masked by setting the mask pixel clock bits 
(bit8 of LCD_SO_TIM_CTRL). The HSYNC signal can also be masked by setting bit 9 of 
LCD_SO_TIM_CTRL. 


e OSC_PIXCLK Divider Ratio Register (LCD_S0_OSC_RATIO) ~ 0x0020 


[Bi [Name [stun [oescipion SS 


The pixel clock is divided from the system clock when Prism-lite 
9:0 drives the pixclk: 
(RW) BN SATO” 1 ane Fpixclk = Fsys_clk / (DIV_RATIO+1) 

The minimum DIV_RATIO value is 1. 


ine [io Reson 


1: Generates pixclk of 50% duty cycle when the divider ratio 
12 (DIV_RATIO<9:0>) is even. 
HALF_DUTY | 1’b0 ; ck 
(RW) 0: Generates pixclk is not 50% duty cycle clock when the divider 
ratio (DIV_RATIO<9:0>) is even. 


a A 


When setting this bit, the output pixel clock can be latched when 
one of the layer FIFO lengths is 0 

mM PCLK_CTRL | 1’b0 0: Pixel clock work normal. 
1: Pixel clock will be latched when FIFO is about to be 
underflowed. 


fave [fsa [Resenes SSC 


Table 219: OSC_PIXCLK Divider Ratio Register (LCD_SO_OSC_RATIO) 
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e Timing Control Register (LCD_SO_TIM_ CTRL) — 0x0024 


[None [eau [oesetpion 
a 


Pixel clock master mode 
PCLK_IO 1: LCD controller drives the pixel clock. 
0: The display drives the pixel clock. 
Invert pixel clock. In master mode, this register inverts the 
internal pixel clock before output. in slave mode, it inverts 
PCLK_POLAR the input pixel clock before it is used by the internal logic. 
1: Inverts pixel clock (i.e. pixel clock 4 phase off). 
0: Do not invert pixel clock. 
Determines whether the pixel output changes on the rising 
or falling edge of the internal pixel clock. 
PCLK_EDGE ee i 
1: Pixel changes on the rising edge of the clock. 
0: Pixel changes on the falling edge of the clock. 
Horizontal sync signal master mode: 
HSYNC_IO 1: LCD controller drives the horizontal sync. 
0: The display drives horizontal sync. 


This register inverts the horizontal sync signal. In master 

mode, it inverts the horizontal sync signal before it is 

output. In slave mode, it inverts the horizontal sync signal 
HSYNC_POLAR before it is used by the internal logic. 

1: Horizontal sync signal is active low. 

0: Horizontal sync signal is active high. 


Vertical sync signal master mode: 
VSYNC_IO 1: LCD controller drives the vertical sync. 
0: The display drives the vertical sync. 


This register inverts the vertical sync signal. In master 
mode, it inverts the vertical sync signal before it is output. 
In slave mode, it inverts the vertical sync signal before it is 
VSYNC_POLAR used by the internal logic. 
1: Vertical sync signal is active low. 
0: Vertical sync signal is active high. 
Test Purpose register, software writes this with 0 
Remark: 
Mask pixel clock control1: 
PCLK_MASK 1: Pixel clock is masked to 0 whenever the pixel output 
data is invalid. 
e This signal only masks the pixel clock to the external 
pin. The internal pixel clock is not masked, so the logic 
operation will remain the same. 
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e Masking pixclk is Estee eee for certain display modes, such 
as STN. 


Test Purpose register, software writes this with 0 
Remark: 

9 (R/W) HSYNC_MASK_ | 1’b0 Mask HSYNC control: 
1: Disables the HSYNC during vertical blank time. 
0: Enables the HSYNC during vertical! blank time. 


Delays Hsync, Vsync and bias output for the number of 
; system clocks. (ranging from 1 to 7 
12:10 SYNC_DLY 3'hO y: | ( ging , ) | 
(RW) It only delays signals in one pixel clock to satisfy setup or 
hold time requirements. 


Table 220: Timing Control Register (LCD_SO_TIM_CTRL) 


Suggested settings: 


- 0x52, /Imaster mode, sends data at falling edge 
- Oxfe, //master mode, invert all, sends data at rising edge 
- 0x08, //slave all, sends data at rising edge 


e Timing Control Status Register (LCD_SO_ TIM STATUS) — 0x0028 
This register is for reference and testing purposes only, software shall disregard this register. 


}Bit |Name | Default | Description 


The current value of the RGB select index for choosing which 
1:0(R) | RGB_SEQ_STA | 2’b00 color to output based on the RGB sequence (for displays which 
require outputs of a single color at a time). 


7 
= 
a 
a 


Table 221: Timing Control Status Register (_CD_SO_TIM_STATUS) 
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e Horizontal Counter Value (LCD_SO_HCOUNT) — 0x002C 
This register is only for reference and testing purposes. 


[eit [Name [Betouk [Doscipon 
10:0 (R) | HCOUNT | 11’hO The current value of the internal horizontal counter. 


Table 222: Horizontal Counter Value (L_CD_SO_HCOUNT) 


e Vertical Counter Value (LCD_SO_VCOUNT) — 0x0030 
This register is only for reference and testing purposes. 


[Bi [None [osteo [oescmpion 


Table 223: Vertical Counter Value (LCD_SO_VCOUNT) 


e Blanking Register (_CD_SO_BLANk) — 0x0034 


Pixel value to be used for the inactive region: 
Bits 23:16 — R value 

Bits 15:8 — G value 

Biis 7:0 — B value 


Use blank value 


1: Uses the blank value defined below when not in active region. 


0: Displays the last pixel value when not in active region. 


Reserved. 


Table 224: Blanking Register (_CD_SO_BLANK) 
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e Background Color Register (LCD_SO_BACK_COLOR) — 0x0038 


[Bi [Name [Betaut [Bessie 


The pixel value to be used for the background color: 
23:0 Background Bits 23:16 — R value 


(RW) Value Bits 15:8 — G value 
Bits 7:0 — B value 


Table 225: Background Color Register (_CD_SO0_BACK_COLOR) 


e Display Mode and Format Register (_CD_SO_DISP_MODE) — 0x003C 


ES [Beeuk[Descipion SS 


When this bit is set, the frame will be considered as valid 
and a valid counter will be generated. However when 
this bit is cleared, the frame will then be considered as 
0 ; invalid and the counters will not change, this will result in 
(RW) Cae ee ~ no output data. Please note that when the bit value 
changes in the middle of a frame, the change will not take 
effect until the beginning of the next frame. Normally this 
bit should be set to true. 
Output format: 
3-1 000: 8-bit rgbrgb 
(RW) OUT_FORMAT 001: 8-bit yuv422 
010: 16-bit yuv422 
011: 16-bit rgb565 
This register determines which layer will be the top layer: 
: 000: LayerO 
of TOP_LAYER ‘ 


(RW) 001: Layer1 
110: CursorO 


Ea 


Table 226: Display Mode and Format Register (L_CD_SO_DISP_MODE) 
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e Layer Select Register (LCD_SO_ LAYER_SEL) — 0x0040 


[Bi [Name [Bete [Desernion 


BitO: LayerO is enabled. 

Bit1: Layer1 is enabled. 

Bit6: Cursor0 is enabled. 

If the corresponding bit is set, its corresponding layer will 
be enabled. 

TRIN), | LAYER ISEL om If one of the 5 layers needs to be reconfigured, first 
disable this bit, then wait until the corresponding bit of 
LAYER_STATUS changes to 0. 

Only after the respective layer is enabled, will the LCD 
controller read data from the memory and send it to the 
LCD panel. 


En a 


Table 227: Layer Select Register (_CD_SO_LAYER_SEL) 


e Sequence for RGB Output (LCD_SO RGB _SEQ)- 0x0044 


[be [Wone _[Beteut [besempucn SSS 


5:0 These bits represent the RGB output sequence for even 
EVEN_RGBSEQ | 6’hO number lines. The meaning is the same as that of 
(RW) ODD_RGBSEQ. 


For displays that require only one color per pixel, these bits 
will represent the RGB output sequence for odd number 
lines. Each two bits represent a color: 
00: Red 

11:6 01: Green 

ODD_RGBSEQ | 6’h0 

(RW) 10: Blue 
For example, 000110 means the sequence is R-G-B-R-G-B, 
and 100100 represents B-G-R-B-G-R, etc 
For displays that require all three color values per pixel, this 
register will produce no effects. 


Table 228: Sequence for RGB Output (LCD_SO_RGB_SEQ) 
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YUV Output Registers 


These registers support YUV output instead of RGB, and are mainly targeted for video encoders. The first 
set of registers contains the coefficients to use for converting RGB outputs to YUV. The conversion is a 
3x3 matrix multiplication process as shown below: 


Y C11 C12 C13 R 
U = C21 C22 C23 X G 
Vv C31 C32 C33 B 


Please note that since this is a signed multiplication, the coefficients must be 8-bit signed values. In 
addition, these RGB values may need to be turned into signed values by inverting the MSB of the each 
component. Also, since YUV outputs are initially signed values, it may be necessary to invert the MSB 
again to output unsigned values. These inversion options and other control signals for the YUV output are 
included in the YUV_CTRL register. 


The format for the coefficients is as follows: 


- Bit 7: the sign bit 
- Bits 6-0: the fraction bits 


e RGB to YUV Coefficient 1 (LCD_SO_ RGB _YUV_COEF 1) — 0x0048 
Coefficient 11 for the RGB to YUV conversion matrix. This value 
should be an 8-bit signed value. 
Coefficient 12 for the RGB to YUV conversion matrix. This value 
should be an 8-bit signed value. 


Coefficient 13 for the RGB to YUV conversion matrix. This value 
should be an 8-bit signed value 


Reserved. 


Table 229: RGB to YUV Coefficient 1 (LCD_S0_RGB_YUV_COEF1) 


The suggested coefficients are 0x264BOE which translates into the following formula: 


Y = 0.296875 * R + 0.5859375*G + 0.109375*B 


e RGB to YUV Coefficient 2 (LCD_SO_RGB_YUV_COEF2) — 0x004C 
[ai [Sins [Betaut[Besetpton SSS 


23:16 Coefficient 21 for the RGB to YUV conversion matrix. This value 
COEF1 8’hO ce 
(RW) should be an 8-bit signed value. 


15:8 COEF? 8'hO Coefficient 22 for the RGB to YUV conversion matrix. This value 
(RW) should be an 8-bit signed value. 
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Coefficient 23 for the RGB to YUV conversion matrix. This value 


should be an 8-bit signed value. 


Table 230: RGB to YUV Coefficient 2 (LCD_S0_RGB_YUV_COEF2) 


The suggested coefficients are OxEBD640 as shown by the following formula: 
U = (-0.1640625)*R + (-0.328125)*G + 0.5*B 


e RGB to YUV Coefficient 3 (LCD_SO_RGB_YUV_COEF3) — 0x0050 
Coefficient 31 for the RGB to YUV conversion matrix. This value 
should be an 8-bit signed value. 
Coefficient 32 for the RGB to YUV conversion matrix. This value 
should be an 8-bit signed value. 


Coefficient 33 for the RGB to YUV conversion matrix. This value 
should be an 8-bit signed value 


Reserved. 


Table 231: RGB to YUV Coefficient 3 (LCD_S0_RGB_YUV_COEF3) 


The suggested coefficients are 0x40CBF6 shown in the following formula: 
V = 0.5*R + (-0.4140625)*G + (-0.078125)*B 


e RGB to YUV Conversion Control Register (L.CD_SO YUV_CTRL) — 0x0054 


[Bi [Name [eau [oescipion 


This register inverts the MSB of the YUV components to 
convert signed results to unsigned outputs: 


Bit 2: Invert Y 


2: 
i YUV_U_CONV | 3’b000 Bit 1: Invert U 


(RW) Bit 0: Invert V 
ITU601 accepts positive YUV, and Y is always positive while 
UV is signed after conversion, this means both U and V need 
inversion. This bit will usually be set as 3’b011. 


This register inverts the MSB of the RGB components to 
RGB_S_ CONV | 3’b000 convert signed to unsigned when the input RGB is signed: 


Bit 5: invert R 


5:3 
(RW) 
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Bit 4: Invert G 
Bit 3: Invert B 


NOTE: The rgb2yuv conversion accepts unsigned RGB and 
signed coefficients only, so this bit remains as 3’b000. 


For 8-bit 4:2:2 output: 
00: Send data as YUYV sequence. 
01: Send data as YVYU sequence. 
10: Send data as UYVY sequence. 
11: Send data as VYUY sequence. 
srw) | RoB_YuV ro 
9 (R/W) | Even_UV reo 


Ce 


12 
R EVENFIELD 1’b0 
(R) 0: The current field is the odd field of a frame. 


Es 


Table 232: RGB to YUV Conversion Contro! Register (L_CD_SO_YUV_CTRL) 


1: Converts RGB to YUV. 
0: Bypasses RGB to YUV conversion. 


1: Keeps the even pixel UV (U1V1 mode). 
0: Keeps the even pixel U and odd pixel V (U1V2 mode). 


This bit is only used when in TV mode: 
1: The current field is the even field of a frame. 


e Screen Control for External TV Encoder Register (L.CD_SO_TV_FIELD) — 0x0058 


ems Bee eae 


) TV_HSTART 11’7hd TV_HSTART: The start pixel number for the active TV display 


tea [Resend 


TV VSTART 41’hO TV_VSTART: Vertical Start Position (in line number) for the 
= active TV display. 


Reserved. 


This is used when using TV 2 fields mode — defining the 
position of EVEN fields, refer to Figure 10 for details. 


ie [ene 


Table 233: Screen Control for External TV Encoder Register (LCD_S0O_TV_FIELD) 


Cy to 
1: Work in TV mode. When in master mode, TV_HASTART 
oA and TV_VSTART will both work. 
TV_F_VALID 0: Work in normal mode 
(R/W) —3 ; ; as 
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e Interrupt Line Number (LCD_SO_INT_LINE) — 0x005C 


[et [Name __[betaut [Doserpion 


This value represents the line number in which a screen 
10:0 interrupt is generated. This allows the user to specify a line 
LINE_NUM 11°hO during which an interrupt will be generated for each frame. 
(RW) The interrupt is generated at the beginning of that particular 
line. 


ponent 


This bit determines whether the line number LINE_NUM is 
valid for generating a screen interrupt. This differs from the 
12 ' mask in that if this bit is not set, then the interrupt status bit 
(RW) TENE VA | ee for the screen interrupt will not be set. When this bit is set, 
then the interrupt status bit is set each time the line count is 
equal to the value below. 


Ea a 


Table 234: Interrupt Line Number (LCD_S0O_INT_LINE) 


e Interrupt Line Number (LCD_SO_LAYER_STATUS) — 0x0060 


[Bt [None [Osu [omscnnion 


Bit0: LayerO enable status 
Bit1: Layer1 enable status 
7:0 Bit6: Cursor0 enable status 
(R) LAYER_STATUS | 8'h0 1: This layer is enabled. 
0: This layer is disabled. 
The status will be changed at the next frame after the 
LCD_SO_LAYER_SEL register is configured. 


a a OR 


Table 235: Interrupt Line Number (LCD_SO_LAYER_STATUS) 


August, 2010 SiRF Datasheet — Proprietary and Confidential 195 


A SiRFatlasV 


Dadicenaes AT551 Datasheet 


e DMA Status Register (LCD_DMA_STATUS) — 0x00F0 


Read this register to check the DMA status of each layer. If a particular bit reads 1, then this 
means DMA of this layer is still accessing memory. In this case users must either wait until all bits 
are cleared before disabling the clock of the LCD controller, or wait until the corresponding bit is 
cleared before reconfiguring layer settings. 


Bit [Name [Default | Description 
0: No DMA operation. 
0 (R) LO_DMA_STATUS 1’bO : : : 
1: DMA is running. 
0: No DMA operation. 
1 (R) L1_DMA_STATUS 1’b0 : . : 
1: DMA is running. 


Table 236: DMA Status Register (L_CD_DMA_STATUS) 


Interrupt Registers 


LCD can generate interrupts from several different sources; it can generate an interrupt when a FIFO 
underflow or overflow occurs; it can also generate an interrupt when the vertical counter reaches a pre- 
determined line number (i.e. can be used as a frame interrupt). The interrupt can also be generated when 
the DMA operation is completed. Each interrupt source can be independently masked and cleared. 


e = Interrupt Mask (LCD_INT_MASk) — 0x00F4 


This register provides an interrupt mask for all LCD interrupt sources. If a mask bit is set to 1, then 
that interrupt will be enabled. If the interrupt status bit turns to 1, then an interrupt will be 
generated to RISC. If the mask bit is set to 0, then no interrupts will be generated, yet the status 
bit can still be set to 1 and be cleared by writing to the above register. 


0(R/W) | LO DMA MASK One frame DMA over mask 
1(RMW) | L1_DMA MASK One frame DMA over mask 
Ea CC 
6(R/W) | LO_OFLOW_MASK Screen FIFO Overflow mask 
7 (RW) | L1_OFLOW_MASK Screen FIFO Overflow mask 
ECC 
12 (RW) | LO_UFLOW_MASK Screen FIFO Underflow mask 
13 (RIW) | L1 UFLOW_MASK Screen FIFO Underflow mask 
18 (RW) | SO_LINE_INT_MASK Line Interrupt mask 


Table 237: Interrupt Mask (LCD_INT_MASK) 
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e Current Interrupt Status and Interrupt Clear (L_CD_INT_CTRL_STATUS) — 0x00F8 


Read this register to determine the source of interrupt. If a particular bit reads 1, then that interrupt 
will be asserted. Writing a 1 to a particular bit will clear the interrupt for that source, which is the 
only way to clear the interrupt. That hardware does not clear any interrupts. 


NOTE —The interrupt bit for each source can be read or cleared even if the mask bit is not set. 
However without the mask bit, the interrupt will not be generated to RISC. 


[Default [Description 
One frame DMA over Interrupt 


LO_OFLOW_INT Screen FIFO Overflow interrupt 
L1_OFLOW_INT Screen FIFO Overflow interrupt 


LO_UFLOW_INT Screen FIFO Underflow Interrupt 


Line interrupt 
[Resins 


Table 238: Current Interrupt Status and Interrupt Clear (LCD_INT_CTRL_STATUS) 


Other Screen Control Registers 
e Dual Display Control Register (L.CD_SCR_CTRL) — 0x00FC 


1: This screen is enabled. 
0: This screen is disabled. 

0 (RW) | SCREENO_EN 1’b0 When working in master mode, and after this bit is enabled, the 
internal counter will start counting according to the pixel clocks 
and horizontal sync signals. 


Ea eal 


Table 239: Dual Display Control Register (LCD_SCR_CTRL) 
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Layer Control Registers of Layer0 
e LayerO Control Register (LCD_LO_CTRL) — 0x0100 


[ee [Nene [eeu [Dessrpton 


: 18-bit per pixel, RGB666 

: 16-bit per pixel, RGB565 
16-bit per pixel, RGB556 
16-bit per pixel, RGB655 

2:0 (R/W) | BPP 3’hO 

32-bit per pixel, RGB888 
32-bit per pixel, TRGB888 
32-bit per pixel, ARGB8888 
Reserved 


Big/Little Endian selection of DWORD for QWORD data: 
3 (R/W) QWORD_BLE | 1’b0 1: Little Endian: MSB- DWORD1, DWORDO-LSB 
0: Big Endian: MSB- DWORDO, DWORD1-LSB 


Big/Little Endian selection of byte for image data: 
4(RW) | DWORD_BLE | 1’b0 1: Little Endian:MSB- byte3, byte2, byte1, byte0-LSB 

0: Big Endian: MSB- byteO, byte1, byte2, byte3-LSB 
5 (RW) | FIFO_RESET Set this bit will reset the FIFO write and read pointer. 
6(RW) | CKEY_EN Enable the color key function. 


FIFO fake ready: 
1: DMA or VPP can write data to memory even if 
7 FIFO_FKRDY | 1’b0 FIFO_RESET is set to 1. 
0: DMA or VPP cannot write data to the memory when 
FIFO_RESET is set to 1. 


This register confirms all settings for this layer. This bit must be 
set last after all other registers have been configured. This bit 
will clear itself once the configuration becomes valid. 


Table 240: Layer0 Control Register (L_CD_LO_CTRL) 
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e Horizontal Start Position for LayerO Screen (LCD_LO_HSTART) — 0x104 


[Bi [Name [Beau [Desstion 


Horizontal Start Position (in pixel number). 
This value, along with the horizontal end position and vertical start 
and end positions, define the rectangle region of layer0. 

ae LO_HSTART | 11’hO When working in 8-bit RGB mode: 
LO_HSTART - SCREEN_HSTART must be the multiple of 3. 
When working in 8-bit YUV mode: 
LO_HSTART - SCREEN_HSTART musi be the multiple of 2. 


een [ae Reena 


Table 241: Horizontal Start Position for Layer0 Screen (LCD_LO_HSTART) 


e Vertical Start Position for LayerO Screen (LCD_LO_VSTART) — 0x108 


10:0 
(RW) LO_VSTART | 11’hO Vertical Start Position (in line number) 


Table 242: Vertical Start Position for Layer0 Screen (LCD_LO_VSTART) 


e Horizontal End Position for LayerO Screen (LCD_LO_HEND) — 0x10C 


[ai [Nane [staat [Besetpion ——SSSCSCSCS~S~S 


Horizontal End Position (in pixel number) 
10: In 8-bit RGB mode: LO_HSTART + (WIDTH — 1)* 
0:0 | LoLHEND | 17'h@Sy7] 1” SDE RGB mode: Lo_S ( )"3 
(RW) In 8-bit YUV mod: LO_HSTART + (WIDTH — 1)*2 
Others: LO HSTART + WIDTH — 1 


pat faite [Reems 


Table 243: Horizoniai End Position for Layer0 Screen (LCD_LO_HEND) 
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Description 


Vertical End Position (in line number) 
=LO_VSTART + DEPTH - 1 


Reserved 


Table 244: Vertical End Position for Layer0 Screen (LCD_LO_VEND) 


e Screen Memory Base Register (LCD_LO_BASEO) — 0x114 


This is the DMA address of the starting memory location for the 
BASEO_ADDR | 30'h0 screen data, this is a byte address, but the lower 3 address bits 


must be all zeroes, which means the DMA start address must 
lay on a Gword burst boundary. 


Table 245: Screen Memory Base Register (_CD_LO_BASE0) 


e Screen Memory Base Register (LCD_LO_BASE1) — 0x118 


The DMA address of the second starting memory location for 
, the screen data, this is a byte address, but the lower 3 address 
(RW) Bee Poe 20a bits must be all zeroes, which means the DMA start address 
must lay on a Gword burst boundary. 


Table 246: Screen Memory Base Register (_CD_LO_BASE1) 


e X Size for Screen DMA (LCD_LO_XSIZE) — 0x11C 


}Bit [Name Default | Description 


The number of consecutive bursts per line for the screen DMA: 
12:0 If (ByteWidthOfLOValidLine % ((DMA_UNIT+1)*8)) 
(RW) LO XSIZE | 13’hO LO_XSIZE = ByteWidthOfLOValidLine /((DMA_UNIT+1)*8) 
Else 
LO_XSIZE = ByteWidthOfLOValidLine /((DMA_UNIT+1)*8) — 1 


Table 247: X Size for Screen DMA (LCD_LO_XSIZE) 
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e Y Size for Screen DMA (LCD_LO_YSIZE) — 0x120 


[ek [Wome [Bott [omscipion 


This value specifies the number of “lines” for the screen DMA. Each 
12:0 Lo Ysize | 13°h0 line designates a segment of consecutive QWORDs with a skip in 
(RW) — between. 

LO_YSIZE = DEPTH - 1 


Table 248: Y Size for Screen DMA (LCD_LO_YSIZE) 


e Skip Value for Screen DMA (LCD_LO_SKIP) — 0x124 


This value specifies the number of bytes for the DMA address 

12:0 generator for skipping in between lines of the screen DMA: 

(RW) EOE tene LO_SKIP = ByteWidthOfLOFrameBuf — (LO_XSIZE*(DMA_UNIT+1)*8) 
The ByteWidthofLOFrameBuf must be a multiple of 8. 

3113 |- | 19'n0__| Reserved. 


Table 249: Skip Value for Screen DMA (LCD_LO_ SKIP) 


e Control Register for DMA (LCD_LO_DMA_CTRL) — 0x128 


If the screen size or location requires the start of a new line in the middle of a burst, then the DMA 
interface will write an extra QWORD to the FIFO which may cause the data to mismatch. In order 
to avoid this, use this register to suppress extra writes to the FIFO at the end of a line. To do this, 
write the number of SUPPRESS QWORD to bits <11:8>. 


For example, to write 19 QWORD per line, it will require 5 bursts (each burst with four QWORDs) 
from the DMA, and suppress the last QWORD, thus, SUPPRESS_QW_NUM should be set to 
0x001. It is important that the frame buffer’s start address lie on a DMA Qword burst boundary, 
and that the width of the frame buffer is a multiple of the DMA. 


Set this bit will start DMA transfers; the bit will clear 
nM) ae Y itself once all other DMA registers take effect. 


Continuous mode DMA: 
1: When this DMA operation is completed, it will 

4 (RW) DMA_MODE 1’b0 automatically generate a DMA with exactly the same 
setting. 
0: Each DMA must be explicitly started by the 
software. 


2(R/W) | DMA_CHAIN MODE Chain DMA mode: 
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1: Enables the DMA chain mode. 
0: Disables the DMA chain mode. 


Burst unit for a DMA operation which only supports 
the following settings: 
7:4 (RW) | DMA_UNIT 4’h3 4’h3: 4 QWORD 
4h7: 8 QWORD 
4hF: 16 QWORD 


11:8 The number of QWORD wriiten to the FIFO must be 
(RW) SUPPRESS ON NUM suppressed at the end of each DMA line. 


Table 250: Control Register for DMA (LCD_LO_DMA_CTRL) 


e LO Alpha Blending Control Register (LCD_LO_ALPHA) — 0x12C 


esses 


24’hO The bigger value of a color key. 


a 


Table 252: LO Color Key Big RGB Value (LCD_LOCKEYB) 


Color Key is a color or a range of color which is defined as transparent. The 24-bit (8:8:8) color 
mode can be used for 16-bit (5:6:5, 5:5:6, 6:5:5), 24-bit (RGB888), and so on. Although this mode 
is flexible, but it still needs to calculate CKEYB and CKEYS values according to the data format. 
For the 16-bit data format, the 24-bit CKEYB or CKEYS are calculated by expanding Red, Green, 
or Blue to 8 bits, and setting the expanded LSB to 1’b0. 
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e LO Color Key Small RGB Value (L_CD_LOCKEYS) — 0x134 


[eats [Re 


24’h0O The smaller value of a color key for the LO channel 


display. 


fresoves 


Table 253: LO Color Key Small RGB Value (LCD_LOCKEYS) 


e Screen FIFO Control Register (_CD_LOFIFO) — 0x138 


LO_CHK 
FIFO 7 FIFO 
empty : full 
DMA —_______--++_+ 
request 1 0 


Figure 45: FIFO’s Request Level (LO_REQ_SEL=0) 


MI_CHK LO_CHK 


request 
1 0 0 


Figure 46: FIFO’s Request Level (LO_REQ_SEL=1) 


The DMA requests to the bus interface are generated based on the FIFO fullness counter. It 
provides iwo methods for request generation selected by bit 24 of the LO_REQ_SEL register. 
When this bit is set to 0, and if the FIFO fullness is less than the low water mark, then it will 
generate a request. In addition, when bit 24 is equal to 1, the middle and low water marks will 
become useful. When the FIFO fullness is less than the middle water mark, it will generate request 
(1), and when the FIFO fullness is more than the low water mark, the request will stop (0). The 
second method will lead much more continuous data dumps from the memory than the first one. It 
is obvious that enlarging any of the 2 watermarks will make the FIFO more aggressive. 
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This is the value for the low request watermark of the screen 
FIFO. If the FIFO (FIFO count) is filled beyond this mark, then the 
LO LO CHK 8’h60 request will stop. However if the FIFO is read below this point, 
~ then the request will become a low-level request 


The maximum of this value is (0x100 — (dma_unit + 1)). 


This is the value for the middle request watermark of the screen 
15:8 FIFO. If the FIFO is filled beyond this mark, then the request will 
; LO MI CHK 8’h40 drop to a low-level request. However if the FIFO is read below 
(RW) 7 this point, then the request will become a high-level request 
The maximum of this value is (0x100 — 2*(dma_unit + 1)). 


This register is for selecting a request generation method for LO 
oA FIFO: 
LO REQ _SEL | 1’b0 1: Middle request and low request watermark are useful. Using 
(RW) this mode will save the bandwidth. 
0: Normal request generation. 


Table 254: Screen FIFO Control Register (_CD_LOFIFO) 


e FIFO Status (LCD_LO_FIFO_STATUS) — 0x13C 
This register is for reference and testing purposes only. 


8:0(R) | FIFO_LEN l= a if this register is read, the valid FIFO length will be given. 


Reserved. 


re 


Table 255: FIFO Status (LCD_LO_FIFO_STATUS) 
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Layer Control Registers of L1 


The layer1 register has the same definition as that of layerO except for the base address. 


Cursor0 Control Registers 
e Control Register for Cursor0 (LCD_CURO_CTRL) — 0x1000 


[et [None [Detaut [bescipion SS 


000: 32x32x2bpp 2-color and transparency mode 

001: 32x32x2bpp 4-color mode 

010: 32x32x2bpp 3-color and transparency mode 
aan MODE 3'hO 011: Reserved 

100: 64x64x2bpp 2-color and transparency mode 

101: 64x64x2bpp 4-color mode 

110: 64x64x2bpp 3-color and transparency mode 

ER a a Co 

Big/little endian selection of byte for image data. 
4(R/W) DWORD_BLE 1’b0 1: Little Endian: MSB- byte3, byte2, byte1, byte0-LSB 

0: Big Endian: MSB- byteO, byte1, byte2, byte3-LSB 

Big/Little Endian selection of pixel data for each byte 
5(R/W) BYTE _BLE 1’b0 1: Little Endian: MSB- P3, P2, P1, PO-LSB 

0: Big Endian: MSB- PO, P1, P2, P3-LSB 


a 


Soft reset of cursorO SRAM addresses: 
1: Setting this bit to 1 will reset the read and the write 
8(R/W) SRAM ADDRST_ | 1’bO address of SRAM. It can be used for recovery purposes from 
= an abnormal operation. 
0: After reset, this bit should be set back to O for normal 
operations. 


a 


This register is for confirming the new region and other 


16 settings by writing this bit with a 1.This bit will clear itself 


(RW) SETTING VALID | 1’hO after a valid frame start is detected. 


This bit is used as confirmation of the setting-group. 


Ea a a 


Table 256: Control Register for Cursor0 (LCD_CURO_CTRL) 
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e Horizontal Start Position for LayerO Screen (LCD_CURO_HSTART) — 0x1004 


[bi [Name [Betaut [Desoipion 


Horizontal Start Position (in pixel number). 
10:0 ; This value, along with the horizontal end position and vertical 
(RW) CURE STAR | Une start and end positions, define the rectangular region of layer0. 
This value must be greater or equal to the ACT_HSTART. 


een [ae Rasen 


Table 257: Horizontal Start Position for Layer0 Screen (LCD_CURO_HSTART) 


e Vertical Start Position for LayerO Screen (LCD_CURO_VSTART) — 0x1008 
am Vertical start position (in line number) 
CURO_VSTART | 14’hO ihe = one 
(RW) This value must be greater or equal to the ACT_VSTART. 
31:11 a | 21'hO fReserved§ 


Table 258: Vertical Start Position for Layer0 Screen (LCD_CURO_VSTART) 


e Horizontal End Position for LayerO Screen (LCD_CURO_HEND) — 0x100C 
_ 0 Horizontal end position Deen pixel number) 
CURO_HEND | 11’hO 
(R/W) This value must be less or equal to the ACT_HEND. 
sitt |- sfatho fj Reserved 


Table 259: Horizontal End Position for Layer0 Screen (LCD_CURO_HEND) 


e Vertical End Position for LayerO Screen (_CD_CURO_VEND) — 0x1010 


[ee [Nane__[Detaut[Deseepton 


10:0 Vertical end position (in line number) 
CURO_VEND | 11’hO 


(RW) = This value must less or equals the ACT_VEND. 


Table 260: Vertical End Position for Layer0 Screen (_CD_CURO_VEND) 
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e Color0 of Cursor0 (LCD_CURO_COLOR0O) — 0x1014 


7:0 (RW) BLUE Blue value for the colorO of cursor0 
15:8 (R/W) GREEN Green value for the color0 of cursor0 
) ’ 


23:16 (R/V Red value for the color0 of cursor0 


Table 261: Color0 of Cursor0 (L_CD_CURO_COLOR0O) 


e Color1 of Cursor0 (LCD_CURO_COLORT1) — 0x1018 


[Bt [Wane [Beteut[Dessrion 
EE 


Table 262: Color1 of Cursor0 (LCD_CURO_COLOR1) 


e Color2 of Cursor0 (LCD _CURO_COLOR2) — 0x101C 


[Bt [Rane [Peteut[Dossrpion 


Table 263: Color2 of Cursor0 (LCD_CURO_COLOR2) 


e Color3 of Cursor0 (LCD_CURO_COLOR3) — 0x1020 


row) BWwE 
158 ROW) [OREEN 
) 


2:6 FM 
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Table 264: Color3 of Cursor0 (LCD_CURO_COLOR3) 


e CURO Alpha Blending Control Register (LCD_CURO_ALPHA) — 0x1024 


[se [Name [atu [basemen 


7:0 (RW) ALPHA VAL a planar alpha value that blends all pixels on the cursor0O 


a 


Table 265: CURO Alpha Blending Control Register (_CD_CURO_ALPHA) 


e CURO Read Pointer Register (_CD_CURO_FIFO_RDPTR) — 0x1028 
This register is only for read and testing purposes only. 


Ce 
7:0 (R) FIFO_RDPTR Read pointer of SRAM 
EE ES SC 


Table 266: CURO Read Pointer Register (_CD_CURO_FIFO_RDPTR) 


e CURO XY Register (LCD_CURO_XY) — 0x102C 


This register is used to locate the start location of the cursor when its display region is out of the 
screen active region. 


Table 267: CURO XY Register (LCD_CURO_XY) 
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(cur_x,cur_y) 


(cur_x,cur_y) (cur_x,cur_y) 


(cur_x,cur_y) 
(cur_x,cur_y) 


(cur_x,cur_y) 
(cur_x,cur_y) 


(cur_x,cur_y) 


Figure 47: Cursor Position Diagram 


e Read/Write FIFO Data (LCD_CURO_FIFO)—-— 0xi400 


[bk [Wane [Pott [Desermion 


This is the values in the cursor FIFO. This value can directly 
31:0 (R/W) | FIFO_DATA read or write anywhere in the FIFO by specifying its 
corresponding address. 


Table 268: Read/Write FIFO Data (_CD_CURO_FIFO) 


Video Post Processor 


The VPP (Video Post Processor) is used to process image data from the software video decoder. 


Feature List 


e Hardware de-interiacing 
e Horizontal/vertical scaling 
e YUV to RGB conversion; supports RGB565, RGB666 and RGB888 output data format 


Limitations 


e Input source should be QWORD-aligned, input width should be no less than 12 and no greater 
than 768. 

e Source width/height should be multiple of 2. 

e Output width should be multiple of 2. 

e Downscaling in horizontal/vertical direction should be no less than 1/8. 
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Application Scenarios 


The following input image types are supported: 


e YUV422 format, big/little endian, Y, U, and V are placed together as one and supports four 
formats: YUYV, YVYU, UYVY, VYUY. 


‘Yoo|uo0 vor |voo |... |. YY WV 
Yio|uio|vir|vio |... |. ¥ [UY WV 
‘Yao [u20 [v2i jv20|. |... [YUM 
‘yao [uso [vat va. |... [VU M 
FN 
YW VN 
Ye 
Yo Oe 
YW ee 


In this format, each four bytes are two pixels, and each four bytes consist of two Y's, one U and 
one V. Each Y goes to one of the pixels; U and V belong to both pixels. The horizontal resolution 
of the U and V components is half of the Y component. 


August, 2010 


YUYV 
Bit allocation of one DWORD (YUYV, big endian): 


UYVY: 


Bit allocation of one DWORD (UYVY, little endian): 
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3124 70 


NOTE —-The four YUV422 formats mentioned above may not be compatible with certain display 
tools, because in certain tools, YUYV format may be indicated as Y1 is the LSB in 
DWORD. 


e The detached YUV420 format, little endian. Y, U and V are placed separately: 


Yoo|Yo1 |... |... VI 
Y10 Rai Ea ‘|l¥ 


The three components are separated into three sub-images or planes. The Y plane has one byte 
per pixel, the U and V plane is half the width and height of the Y plane (and of the image). Each U 
or V belongs to four pixels, a two-by-two square of the image. For example, U00 and V00 belong 
to YOO, YO1, Y10, and Y11. 
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3124 23 16 15 8 i. 6 
Y1 YO 
31.24 23 16 15 8 70 
U1 UO 
31.24 23 16 15 8 70 
v4 VO 


Functional Descriptions 


Block Diagram 


AXI bus 


Figure 48: Video Post-Processor Block Diagram 


Module Descriptions 


Hardware De-interiacing 


The following hardware de-interlacing modes are supported: 


e Bob method 


Bob (intra-field spatial interpolation) is the process of completely discarding one of the fields in an 
interlaced video data. Either all the odd or all the even fields are discarded. Using the fields that 
remain, interpolation is performed between the lines to generate an entire non-interlaced frame for 
the progressive scan monitor. 
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The Bob method is not implemented in VPP, if users want to use intra field interpolation, it is 
recommended to use one field as source data, and use vertical scaling to perform interpolation 
instead of directly using Bob duplication or interpolation methods. 


e Weave method 


Weave (merging) is the process of combining the odd and even fields of an interlaced video image 
to generate the entire non-interlaced frame for the progressive scan monitor. 


If the input is in YUV420 format output from video decoder, then this means both odd and even 
fields have been merged into the Weave format to form the frame, therefore executing weave de- 
interlacing in VPP is not necessary. 


If the input is YUV422 and users want to perform weave de-inierlacing, then set the 
yuv422 weave bit of the VPP_CTRL register to have VPP_YBASE point to the base address of 
the odd field, and VPP_UBASE point to the base address of the even field. Set source height to 
be the height of the frame instead of the field. 


Scalar 
This module performs the horizontal scaling function with a 6-tap filter and vertical scaling function with a 
4-tap filter. Hardware will automatically select one of the 16 groups to perform scaling. 


The groupO coefficients will be in use if the output pixel coincides with the input one, if the output pixel 
does not coincide with the input pixels, for example, if there is an offset between the expected output pixel 
location and the input pixel location, then the offset will be quantized using 4 bits and have 16 valid offset 
values (0-15). If the expected output pixel situates just half between two consecutive input pixels (offset is 
8), then the group8 coefficients will be used. 


Nine groups of coefficients should be configured (group0 to group8), and group9 to group15 will be 
automatically obtained by hardware through internal symmetry of coefficients between groups. 


Input pixel format: YUV420 or YUV422. 
Output pixel format: YUV422. 


e NCO module 
This module implements the following function in horizontal and vertical directions: 


Six coefficients of Group9 is obtained from group Group7, tapO, tap1, tap2, tap3, tap4, tap5 
coefficient of group? is the value tap5, tap4, tap3, tap2, tap1, tapO coefficient of group7. 


e Rdmemcntr module 


This module generates the input source address based on results acquired from the NCO module 
and stores the data input line buffer. 


This module also fetches data from the memory operation (line buffer write operation); data read 
from the line buffer through downstream is pipelined. 


If this module requires several lines of Y, U and V data in YUV420 mode, then the first burst will 
come from Y lineO, Y line1, Y line2..., U line 0, U line1 ..., V lineO and V line1..., and the next 
burst will come from Y lineO, Y line1, Y line2..., U line 0, U line1 ..., V lineO, V line1... and so on. 


e datapath module 
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This module fetches data from line buffers and selects pixel data from the corresponding lines 
(based on the center tap location of the horizontal filter) to the vertical filter. Both U and V filters 
share one computation unit in vertical scaling. 


After vertical filtering, rounding and clipping operations are applied and the result is stored in the 
registers. 


Horizontal scaling continues to fetch results from vertical scaling and applies rounding and clipping 
operations. Both U and V filters share one computation unit in horizontal scaling. 


Y and UV results are combined and sent to the downstream. 


e —timentr module 
This module generates signals to control the timing of other modules. 


YUV to RGB Conversion 


This module converts the internal YUV444 data from the horizontal scaling module to the RGB format and 
sends the result to the memory in the required output format. 


Input pixel format: YUV422, the input format is implicitly converted to YUV422 without interpolation by UV 
duplication. 


Output format: RGB888, RGB666 and RGB565 format. 
Output data width: 64-bit data. 
Data format for 16-bit RGB565: 


31 cas 26 aA 20 16 15 = 10 = 4 


63 59 58 53 52. 48 47 43 42 37 36 32 


Data format for 18-bit RGB666: 


63 50 4944 43 38 37 32 3118 17 12 11 6 5 0 


Data format for 24-bit RGB888: 


63 56 5548 47 40 39 32 3124 23 16 15 8 7 0 


YUV to RGB conversion formula: 
R= Y*C1 + U* C2 + V* C3 — OFFSET1 
G = Y*C4 - U*C5 - V* C6 + OFFSET2 


B= Y*C7 + V* C8 + V* C9 — OFFSET3 
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The output RGB data will be rounded. 
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The following is a list of reference values: 


e VPP_RCOEF = 0x12A00199 
e VPP_GCOEF = 0x12A190D0 
e VPP_BCOEF = 0x12A81000 
e VPP_OFFSET1 = Oxdf20 

e VPP_OFFSET2 = 0x8760 

e VPP_OFFSET3 = 0x114a0 


This yields the following conversion formula (eg, for YUV420 to RGB): 


e d-=u-128 

e e=v-128 

e c0=(y0 - 16) * 298 

e cl =(y1 - 16) * 298 

e c2=(y2 - 16) * 298 

e c3=(y3 - 16) * 298 

e r=e*409+ 128 

e g=128-100*d-208*e 
e b=516*d+128 


The converted values for R, G and B will be as follows (i=0, 1, 2, 3): 
e Ri=citr 
e Gi=ci+g 
e Bi=ci+b 

Register Definitions 


Register Address Mapping 


Base Address 


Address Mapping 


0x80130000 


Table 269: Base Address 
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Register Mapping 


RISC Address ; vig 
0x0000 VPP CTRL Ait mode and successive BLT command 


0x0004 The source memory address for Y 

0x0008 The source memory address for U 

0x000C The source memory address for V 

0x0010 The destination base memory address 

0x0014 The window width of the source and destination 
0x0018 The window height 

0x001c Source stride for pictures 

0x0020 Destination stride for pictures 

0x0024 Filter coefficient 0 of groupO for horizontal scaling 
0x0028 Filter coefficient 1 of groupO for horizontal scaling 
0x002c Filter coefficient 2 of groupO for horizontal scaling 
0x0030 Filter coefficient 0 of group1 for horizontal scaling 
0x0034 Filter coefficient 1 of group1 for horizontal scaling 
0x0038 Filter coefficient 2 of group1 for horizontal scaling 
0x003c Filter coefficient 0 of group2 for horizontal scaling 
0x0040 Filter coefficient 1 of group2 for horizontal scaling 


0x0044 Filter coefficient 2 of group2 for horizontal scaling 
0x0048 Filter coefficient 0 of group3 for horizontal scaling 
0x004c Filter coefficient 1 of group3 for horizontal scaling 
0x0050 Filter coefficient 2 of group3 for horizontal scaling 
0x0054 Filter coefficient 0 of group4 for horizontal scaling 
0x0058 Filter coefficient 1 of group4 for horizontal scaling 
0x005c Filter coefficient 2 of group4 for horizontal scaling 
0x0060 Filter coefficient 0 of group5 for horizontal scaling 
0x0064 Filter coefficient 1 of group5 for horizontal scaling 


0x0068 VPP_HSCA_COEF52 Filter coefficient 2 of group5 for horizontal scaling 
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RISC Address : _ 


Ox006c Filter coefficient 0 of group6 for horizontal scaling 
0x0070 Filter coefficient 1 of group6 for horizonial scaling 
0x0074 Filter coefficient 2 of group6 for horizontal scaling 
0x0078 Filter coefficient 0 of group7 for horizontal scaling 
0x007c Filter coefficient 1 of group7 for horizontal scaling 
0x0080 Filter coefficient 2 of group7 for horizontal scaling 
0x0084 Filter coefficient 0 of group8 for horizontal scaling 
0x0088 Filter coefficient 1 of group8 for horizontal scaling 
0x008c Filter coefficient 2 of group8 for horizontal scaling 
0x0090 Filter coefficient 0 of group 0 for vertical scaling 
0x0094 Filter coefficient 1 of group O for vertical scaling 
0x0098 Filter coefficient 0 of group 1 for vertical scaling 
0x009c Filter coefficient 1 of group 1 for vertical scaling 
0x00a0 Filter coefficient 0 of group 2 for vertical scaling 
0x00a4 Filter coefficient 1 of group 2 for vertical scaling 
0x00a8 Filter coefficient 0 of group 3 for vertical scaling 
Ox00ac Filter coefficient 1 of group 3 for vertical scaling 
0x00b0 Filter coefficient 0 of group 4 for vertical scaling 
0x00b4 Filter coefficient 1 of group 4 for vertical scaling 
O0x00b8 Filter coefficient 0 of group 5 for vertical scaling 
Ox00bc Filter coefficient 1 of group 5 for vertical scaling 
0x00c0 Filter coefficient 0 of group 6 for vertical scaling 
0Ox00c4 Filter coefficient 1 of group 6 for vertical scaling 
0x00c8 Filter coefficient 0 of group 7 for vertical scaling 
0x00cc Filter coefficient 1 of group 7 for vertical scaling 
0x00d0 Filter coefficient 0 of group 8 for vertical scaling 
Ox00d4 Filter coefficient 1 of group 8 for vertical scaling 
0x00d8 Coefficient for R 

Ox00dc Coefficient for G 

0x00e0 Coefficient for B 

0x00e4 Offset1 for YUV to RGB conversion 
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Table 270: Address Mapping 


Register Descriptions 


e VPP Control Register (VPP_CTRL) — 0x0000 


Input video format: 
PIXEL_FORMAT 0: YUV422 format 
1: YUV420 format 


Indicates the endian mode of YUV422 format: 
ENDIAN MODE 0: Little endian (Y1U0YOVO) 
1: Big endian (YOU0Y1V0) 


Indicates the input YUV422 format: 
2’b00: YUYV 
3:2 (R/W) YUV422 FORMAT 2’b01: YVYU 
2’b10: UYVY 
2’b11: VYUY 


Indicates the output YUV422 format, if the output 
format is YUYV: 
OUT. 2’b00: YUYV 

5:4 (RW) | vuya22_ FORMAT 2'b01: YVYU 
2’b10: UYVY 
2’b11: VYUY 
When the input is in YUV422 format and is interlaced. 
Set this bit if users want to perform weave de- 
interlacing followed by scaling. If this bit is true, then 

6 (R/W) YUV422_ WEAVE the VPP_YBASE register will be the odd base 
address, and the VPP_UBASE register will be the 
even base address. 
0: YUV420 in, or YUV422 frame in, or YUV422 
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[Name [Beteu[Ceserinton 
interlacing fields in but does not need weave de- 
interlacing (use scaling to perform intra field de- 

7 (RW) DEST 
1: Output result to layer1 of the LCD controller to 
display. 
00: 16bit RGB565 
01: 18bit RGBE66 

9:8 (R/W OUT_FORMAT 2 

( ) - 10: 24bit RGB888 
11: YUV422, bypasses the YUV2RGB function. 


interlacing just like Bob de-interlacing) 
1: YUV422 fields in, performs weave de-interlacing. 
VPP_UBASE is pointed to even base address. 
Indicates where the result will be output: 
4°hO 0: Output result to memory. 
"hd 
Indicates the endian mode of output YUV422 format: 
(OR) eee 4h0 0: Little endian (YiU0YOVO) 
1: Big endian (YOUOY1V0) 
1’ho 
V’hO 
1’b0 
"hd 


Indicates whether the clock should be off when VPP 
has completed the current frame: 


0: VPP clock is on even when the current frame is 
completed. 


1: VPP clock is off when the current frame is 
completed. 


11 (R/W) CLK_OFF_ENABLE 
Indicates whether continuous mode is used: 
0: Continuous mode is not used. It means that VPP will 
start next frame on the bit o s setting. 

12 (RW) CON MODE tart next fi the bit of START’ tting 

~ 1: Continuous mode is used. It means that when VPP 

is connected directly to LCD, VPP will start next frame 
automatically based on the bit of CONV_SYNC. 
It indicates when to start new frame when continuous 
mode. 
0: VPP start next frame when VPP finishes current 

13 (R/W) CON_VSYNC frame. 
1: VPP start next frame When VPP receives VSYNC 
from LCD. 
This bit should be set to 0. 


Starts VPP in single mode: 

29 (R/W) START 0: Not starting VPP. 
1: Starting VPP after software sets this bit, hardware 
will clear this bit automatically. 
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This bit is for debugging purposes only: 
30 (R) SCA_OVER 1’ho 1’b0: Scaling is not over 
1’b1: Scaling is over, but data may not be written out. 


1’b1: VPP is running. 
31 (R) BUSY_STATUS 4"hO . ee 
1’b0: Operation finished. 


Table 271: VPP Control Register 


e VPP Y Buffer Base Address (VPP_YBASE) — 0x0004 


Memory address for Y buffer when working in YUV420 
mode. 
Memory address wh orking in YUV422 mode. 

29:0 (RW) | YBASE_ADDR | 30°h0 ei ie ane ' 
When using yuv422 weave interlacing mode, this address 
will be pointed to the odd field. 
This register must be QWORD alignment. 


Table 272: VPP Y Buffer Base Address 


e VPP U Buffer Base Address (VPP_UBASE) — 0x0008 


[ee [vane [eto [SSC pson 


Memory byte address for U buffer when working inYUV420 
mode. 

29:0 (R/W) | UBASE_ADDR | 30’h0 When using yuv422weave interlacing mode, this address will 
be pointed to the even field. 
This register must be QWORD alignment. 


Table 273: VPP U Buffer Base Address 


e VPP V Buffer Base Address (VPP_VBASE) — 0x000C 


[ee [Name [ome Caen 


Memory byte address for V buffer when working inYUV420 
29:0 (R/W) | VBASE_ADDR __ |} 30°h0 mode. 
This register must be QWORD-aligned. 
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Reserved. 


Table 274: VPP V Buffer Base Address 


e VPP Destination Base Address (VPP_DESBASE) — 0x0010 


Pee [Wome [eu [| —Ceserion 


Memory byte address for the desiination buffer. 
This register must be a QWORD-ailigned address. 


Table 275: VPP Destination Base Address 


29:0 (R/W) | DESBASE_ADDR | 30’h0 


— If the output is RGB656, this address is 2-byte aligned. 
— If output is RGB666 or RGB888, this address is 4-byte aligned. 
- For YUV420, this address is 4-byte aligned. 


e VPP Width (VPP_WIDTH) — 0x0014 


Os 


The source window’s width in pixels: 
10:0 (R/W) SRC_WIDTH 11°hO Max: 768 pixels wide 
Min: 12 pixels wide 


The destination windo idth in pixels: 
26:16 (RW) | DES WIDTH | 11’hO slags aan ani a 
Max: 2047 pixels wide 
31:27 Reserved 


Table 276: VPP Width 


© VPP Height (VPP_ HEIGHT) — 0x0018 


[et Name [ofa | Ceserinton 
9:0 (R/W) SRC_HEIGHT 10°hO The source window height 


ss 
DES_HEIGHT 10°hO The destination window height 
CC 


Table 277: VPP Height 
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e VPP StrideO (VPP_STRIDEO) — 0x001c 


[et [Wome [betut[ Caen 


Line stride of Y buffer specified in bytes in YUV420 mode. 
11:0 : Line stride of the entire buffer specified in bytes when working in 
(Rw) | Y-STRIDE | 12h | Vyy422 mode. 

The y start address of the next line should still be QWORD- aligned. 


27:16 , Line stride of U buffer specified in bytes in YUV420 mode. 
U_STRIDE | 12’hO ; 
(RW) The u start address of the next line should still be QWORD-aligned. 


Table 278: VPP Stride0 


e VPP Stride1 (VPP_STRIDE1) — 0x0020 


[ek [Name [bemoan 


Line stride of V buffer specified in bytes when working in 
YUV420 mode. 


The v start address of the next line should still be QWORD- 
alianed. 


Line stride of the destination buffer specified in bytes; 

The start address of the next destination line should meet 
28:16 (RW) | DES STRIDE | 13’h0 the following criteria: 

RGB565: 2-byte aligned. 

RGB666/RGB888/YUV422: 4-byte aligned. 


Table 279: VPP Stride1 


11:0 (R/W) V_STRIDE 12°hO 


e Filter Coefficient of Horizontal Scaling Group00 (VPP_HSCA_COEFO00) — 0x0024 


14:0 (R/W) COEFOO | 15’hO Coefficient for tap0 


30:16 (R/W) | COEFO1 | 15’h0 Coefficient for tap1 
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Table 280: Filter Coefficient of Horizontal Scaling Group00 


Coefficient is in 2’s complement <2.12>format. For example, 12 fractional data bits 
(COEFxx[11:0]), two integer bits (COEF xx[13:12]) and one sign bit (COEF xx[14]). 


e Filter Coefficient of Horizontal Scaling Group01 (VPP_HSCA_COEF01) — 0x0028 


a 
a 
a 


Table 281: Filter Coefficient of Horizontal Scaling Group01 


Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two 
integer bits (COEF xx[13:12]) and one sign bit (COEF xx({14}). 


e Filter Coefficient of Horizontal Scaling Group02 (VPP_HSCA_COEF02) — 0x002c 


[et | weno [ott] Caen 
EC 
ES CN 


Table 282: Filter Coefficient of Horizontal Scaling Group02 


Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two 
integer bits (COEF xx[13:12]) and one sign bit (COEFxx[14)). 


e Filter Coefficient of Horizontal Scaling Group10 (VPP_HSCA_COEF 10) — 0x0030 


a 
6 
Es CG 


Table 283: Filter Coefficient of Horizontal Scaling Group10 


Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two 
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14)). 
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e Filter Coefficient of Horizontal Scaling Group11 (VPP_HSCA_COEF 11) — 0x0034 


Po 


14:0 (R/W) COEF 12 15°hO Coefficient for tap2 
a 
: ) 
1 


30:16 (R/W) | COEF13 15’h0 Coefficient for tap3 
Ea 


Table 284: Filter Coefficient of Horizontal Scaling Group11 


Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two 
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14]). 


e Filter Coefficient of Horizontal Scaling Group12 (VPP_HSCA_COEF 12) — 0x0038 


[ee [Nene [oeeuk | SSCeneow 
EC CG 
ES CO 


Table 285: Filter Coefficient of Horizontal Scaling Group12 


Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two 
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14)). 


e Filter Coefficient of Horizontal Scaling Group20 (VPP_HSCA_COEF20) — 0x003c 


a 
a 6 


) 
15 
) 
a 


Table 286: Filter Coefficient of Horizontal Scaling Group20 


Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two 
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14)). 
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e Filter Coefficient of Horizontal Scaling Group21 (VPP_HSCA_COEF21) — 0x0040 


Po 


14:0 (R/W) COEF22 15°hO Coefficient for tap2 
a 
: ) 
1 


30:16 (R/W) | COEF23 15’h0 Coefficient for tap3 
Ea 


Table 287: Filter Coefficient of Horizontal Scaling Group21 


Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two 
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14)). 


e Filter Coefficient of Horizontal Scaling Group22 (VPP_HSCA_COEF22) — 0x0044 


[ee [wane [eeu] Con 
EC 
ES CO 


Table 288: Filter Coefficient of Horizontal Scaling Group22 


Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two 
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14)). 


e Filter Coefficient of horizontal scaling Group30 (VPP_HSCA_COEF30) — 0x0048 


Table 289: Filter Coefficient of Horizontal Scaling Group30 


Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two 
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14)). 
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e Filter Coefficient of Horizontal Scaling Group31 (VPP_HSCA_COEF31) — 0x004c 


Pen 


14:0 (R/W) COEF32 15’hO Coefficient for tap2 
a 
: ) 
1 


30:16 (R/W COEF33 15’h0 Coefficient for tap3 
Ea 


Table 290: Filter Coefficient of Horizontal Scaling Group31 


Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two 
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14)). 


e Filter Coefficient of Horizontal Scaling Group32 (VPP_HSCA_COEF32) — 0x0050 


Se 
EC 
ES CO 


Table 291: Filter Coefficient of Horizontal Scaling Group32 


Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two 
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14)). 


e Filter Coefficient of Horizontal Scaling Group40 (VPP_HSCA_COEF40) — 0x0054 


a 
a 6 


) 
15 
) 
6 


Table 292: Filter Coefficient of Horizontal Scaling Group40 


Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two 
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14)). 
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e Filter Coefficient of Horizontal Scaling Group41 (VPP_HSCA_COEF41) — 0x0058 


Po 


14:0 (R/W) COEF42 15°hO Coefficient for tap2 
a 
: ) 
1 


30:16 (R/W) | COEF43 15’h0 Coefficient for tap3 
a 


Table 293: Filter Coefficient of Horizontal Scaling Group41 


Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two 
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14)). 


e Filter Coefficient of Horizontal Scaling Group42 (VPP_HSCA_COEF42) — 0x005c 


a 
EC CG 
ES CO 


Table 294: Filter Coefficient of Horizontal Scaling Group42 


Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two 
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14)). 


e Filter Coefficient of Horizontal Scaling Group50 (VPP_HSCA_COEF50) — 0x0060 


a 
a 6 


) 
15 
) 
a 6 


Table 295: Filter Coefficient of Horizontal Scaling Group50 


Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two 
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14)). 
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e Filter Coefficient of Horizontal Scaling Group51 (VPP_HSCA_COEF51 ) — 0x0064 


[sit [Name [Betaut[ —Cseition 
14:0 (R/W) COEF52 15’hO Coefficient for tap2 
a 


30:16 (R/W) COEF53 15’h0 Coefficient for tap3 
Ea a 


Table 296: Filter Coefficient of Horizontal Scaling Group51 


Coefficient is in 2’s complement <2.12>format, i.e. 12 fractional data bits (COEF xx[11:0]), two 
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14)). 


e Filter Coefficient of Horizontal Scaling Group52 (VPP_HSCA_COEF52) — 0x0068 


Se 
a a 
EE a 


Table 297: Filter Coefficient of Horizontal Scaling Group52 


Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two 
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14)). 


e Filter Coefficient of Horizontal Scaling Group60 (VPP_HSCA_COEF60) — 0x006c 


a 
a 


) 
15 
) 
En a 


Table 298: Filter Coefficient of Horizontal Scaling Group60 


Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two 
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14)). 
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e Filter Coefficient of Horizontal Scaling Group61 (VPP_HSCA_COEF61) — 0x0070 


[st [ Name [Betaut[ Cetin 
14:0 (R/W) COEF62 15’h0 Coefficient for tap2 
a a 


30:16 (R/W) COEF63 15’h0 Coefficient for tap3 
Ea a 


Table 299: Filter Coefficient of Horizontal Scaling Group61 


Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two 
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14)). 


e Filter Coefficient of Horizontal Scaling Group62 (VPP_HSCA_COEF62) — 0x0074 


a 
a 
Ee 


Table 300: Filter Coefficient of Horizontal Scaling Group62 


Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two 
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14)). 


e Filter Coefficient of Horizontal Scaling Group70 (VPP_HSCA_COEF70) — 0x0078 


[et [Name [Sefau | (eseinin 
14:0 (R/W) COEF70 15’h0 Coefficient for tap0 
a 


30:16 (R/W) COEF/1 15’h0 Coefficient for tap1 
fers ido fees 


Table 301: Filter Coefficient of Horizontal Scaling Group70 


Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two 
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14)). 
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e Filter Coefficient of Horizontal Scaling Group71 (VPP_HSCA_COEF71) — 0x007c 


Pe 


14:0 (R/W) COEF72 15’hO Coefficient for tap2 
a 
: ) 
1 


30:16 (R/W COEF 73 15’h0 Coefficient for tap3 
Ea a 


Table 302: Filter Coefficient of Horizontal Scaling Group71 


Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two 
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14)). 


e Filter Coefficient of Horizontal Scaling Group72 (VPP_HSCA_COEF 72) — 0x0080 


Se 
a a 
En a 


Table 303: Filter Coefficient of Horizontal Scaling Group72 


Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two 
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14)). 


e Filter Coefficient of Horizontal Scaling Group80 (VPP_HSCA_COEF80) — 0x0084 


a) 
a a 
) 
3 


30:16 (R/W COEF81 15’h0 Coefficient for tap1 
fers ido fees 


Table 304: Filter Coefficient of Horizontal Scaling Group80 


Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two 
integer bits(COEFxx[13:12]) and one sign bit(COEFxx[14]). 
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e Filter Coefficient of Horizontal Scaling Group81 (VPP_HSCA_COEF81 ) — 0x0088 


[sit [ Name [Betaut[—Cseintion 
14:0 (R/W) COEF82 15’hO Coefficient for tap2 
a a 


30:16 (R/W) COEF83 15’h0 Coefficient for tap3 
Ea a 


Table 305: Filter Coefficient of Horizontal Scaling Group81 


Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two 
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14)). 


e Filter Coefficient of Horizontal Scaling Group82 (VPP_HSCA_COEF82) — 0x008c 


Se 
a a 
En a 


Table 306: Filter Coefficient of Horizontal Scaling Group82 


Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two 
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14)). 


e Filter Coefficient of Vertical Scaling Group00 (VPP_VSCA_COEFO00) — 0x0090 


[at [ane Yost] ention 
a 
: ) ‘ 
1 


30:16 (R/W COEFO1 15’h0 Coefficient for tap1 
Es a 


Table 307: Filter Coefficient of Vertical Scaling Group00 


Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two 
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14)). 
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e Filter Coefficient of Vertical Scaling Group01 (VPP_VSCA_COEF01) — 0x0094 


Po 


14:0 (R/W) COEF02 15°hO Coefficient for tap2 
a 
: ) 
1 


30:16 (R/W) | COEFO3 15’h0 Coefficient for tap3 
Ea 


Table 308: Filter Coefficient of Vertical Scaling Group01 


Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional! data bits (COEFxx[11:0]), two 
integer bits(COEFxx[13:12]) and one sign bit(COEFxx[14]). 


e Filter Coefficient of Vertical Scaling Group10 (VPP_VSCA_COEF10) — 0x0098 


[ee [Nae [ooeuk | SCeneon 
EC CO 
ES CO 


Table 309: Filter Coefficient of Vertical Scaling Group10 


Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two 
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14)). 


e Filter Coefficient of Vertical Scaling Group11 (VPP_VSCA_COEF11) — 0x009c 


a 
a 6 


) 
15 
) 
a 


Table 310: Filter Coefficient of Vertical Scaling Group11 


Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two 
integer bits(COEFxx[13:12]) and one sign bit(COEFxx[14]). 
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e Filter Coefficient of Vertical Scaling Group20 (VPP_VSCA_COEF20) — 0x00a0 


Po 


14:0 (R/W) COEF20 15°hO Coefficient for tap0 
a 
: ) 
1 


30:16 (R/W) | COEF21 15’h0 Coefficient for tap1 
Ea 


Table 311: Filter Coefficient of Vertical Scaling Group20 


Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional! data bits (COEFxx[11:0]), two 
integer bits(COEFxx[13:12]) and one sign bit(COEFxx[14]). 


e Filter Coefficient of vertical scaling Group21 (VPP_VSCA_COEF21) — 0x00a4 


[ee [Nae [oeeu | SCeseon 
EC CO 
Ec CN 


Table 312: Filter Coefficient of vertical scaling Group21 


Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two 
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14)). 


e Filter Coefficient of Vertical Scaling Group30 (VPP_VSCA_COEF30) — 0x00a8 


a 
a 6 


) 
15 
) 
a 6 


Table 313: Filter Coefficient of Vertical Scaling Group30 


Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two 
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14)). 
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e Filter Coefficient of Vertical Scaling Group31 (VPP_VSCA_COEF31) — 0x00ac 


P| 


14:0 (R/W) COEF32 15’hO Coefficient for tap2 
a 
: ) 
1 


30:16 (R/W COEF33 15’h0 Coefficient for tap3 
ES 


Table 314: Filter Coefficient of Vertical Scaling Group31 


Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two 
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14]). 


e Filter Coefficient of Vertical Scaling Group40 (VPP_VSCA_COEF40) — 0x00b0 


[ee [Nae [oeeuk | SCeneon 
EC CO 
ES CO 


Table 315: Filter Coefficient of Vertical Scaling Group40 


Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two 
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14)). 


e Filter Coefficient of Vertical Scaling Group41 (VPP_VSCA_COEF41) — 0x00b4 


a) 
a 
) 
3 


30:16 (R/W COEF43 15’hO Coefficient for tap3 
fers dno fees 


Table 316: Filter Coefficient of Vertical Scaling Group41 


Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two 
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14)). 
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e Filter Coefficient of Vertical Scaling Group50 (VPP_VSCA_COEF50) — 0x00b8 


Pen | 


14:0 (R/W) COEF50 15’h0 Coefficient for tap0 

a a 
) 
1 


30:16 (R/W COEF51 15’h0 Coefficient for tap1 
En a 


Table 317: Filter Coefficient of Vertical Scaling Group50 


Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two 
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14)). 


e Filter Coefficient of Vertical Scaling Group51 (VPP_VSCA_COEF51) — 0x00bc 


[se [ene [eta] Cain 
a 
EC 


Table 318: Filter Coefficient of Vertical Scaling Group51 


Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two 
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14)). 


e Filter Coefficient of Vertical Scaling Group60 (VPP_VSCA_COEF60) — 0x00c0 


a 
a 6 


) 
15 
) 
a 


Table 319: Filter Coefficient of Vertical Scaling Group60 


Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two 
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14)). 
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e Filter Coefficient of Vertical Scaling Group61 (VPP_VSCA_COEF61) — 0x00c4 


Po 


14:0 (R/W) COEF62 15°hO Coefficient for tap2 
a 
: ) 
1 


30:16 (R/W) | COEF63 15’h0 Coefficient for tap3 
Ea a 


Table 320: Filter Coefficient of Vertical Scaling Group61 


Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two 
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14)). 


e Filter Coefficient of Vertical Scaling Group70 (VPP_VSCA_COEF70) — 0x00c8 


Se 
a a 
EE a 


Table 321: Filter Coefficient of Vertical Scaling Group70 


Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two 
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14)). 


e Filter Coefficient of Vertical Scaling Group71 (VPP_VSCA_COEF?71) — 0x00cc 


a) 
a 
) 
3 


30:16 (R/W COEF/3 15’hO Coefficient for tap3 
exe dno [Resend 


Table 322: Filter Coefficient of Vertical Scaling Group71 


Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two 
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14)). 
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e Filter Coefficient of Vertical Scaling Group80 (VPP_VSCA_COEF80) — 0x00d0 


Po 


14:0 (R/W) COEF80 15°hO Coefficient for tap0 
a 
: ) 
1 


30:16 (R/W) | COEF81 15’h0 Coefficient for tap1 
Ea 


Table 323: Filter Coefficient of Vertical Scaling Group80 


Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two 
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14)). 


e Filter Coefficient of Vertical Scaling Group81 (VPP_VSCA_COEF81) — 0x00d4 


Sn 
a a 
EE a 


Table 324: Filter Coefficient of Vertical Scaling Group81 


Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two 
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14)). 


e YUV to RGB Coefficient for R (VPP_RCOEF) — 0x00d8 


a) 
Se 


Table 325: YUV to RGB Coefficient for R 


29:20 (R/W) 
31:30 
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e YUV to RGB Coefficient for G (VPP_GCOEF) — 0x00dc 


a ae [Befaut | CDeserntion 
9:0 (R/W) 10°hO V coefficient for G 


29:20 (RW) 10°hO Y coefficient for G 


Table 326: YUV to RGB Coefficient for G 


: 
19:10 (RW) 10°hO | U coefficient for G 
| 


e YUV to RGB Coefficient for B (VPP_BCOEF) — 0x00e0 


a 
Ee a 


Table 327: YUV to RGB Coefficient for B 


e Offset for the YUV to RGB Conversion (VPP_OFFSET1) — 0x00e4 


23:0 (R/W) OFFSET1 24’h0 Offset coefficient for R 


Table 328: Offset1 for the YUV to RGB Conversion 


e Offset2 for the YUV to RGB Conversion (VPP_OFFSETZ2) — 0x00e8 


[et [Name [afew | Ccition 
23:0 (R/W) OFFSET2 24’h0 Offset coefficient for G 


Table 329: Offset2 for the YUV to RGB Conversion 
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e Offset3 for the YUV to RGB Conversion (VPP_OFFSET3) — 0x00ec 


[st [Name [Detaut[ Cetin 
23:0 (R/W) OFFSET3 24’hO Offset coefficient for B 


Table 330: Offset3 for the YUV to RGB Conversion 


e = Interrupt Mask (VPP_INT_MASk) — 0x00f0 


[ei [ Nave —[efut[ ‘ewan 
0 (R/W) Interrupt enable of single mode 

1 (R/W) Interrupt enable of continuous mode 

2 (RW) Interrupt enable of abnormal condition 


Table 331: Interrupt Mask 


e —_ Interrupt Status (VPP_INT_STATUS) — 0x00f4 


a [ae 
0 (R/W) | INT_SINGLE_STATUS 


This bit will be set if the frame is completed; writing this 
This bit will be set if scaling is completed for last picture 
1 (R/W) | INT_CON_STATUS 7’h0 in continuous mode; writing this bit will clear this 
interrupt. 


bit will clear this interrupt. 

This bit will be set if either the current frame is not 
completed while a new start has been set in single 
mode, or the current frame is not completed while a new 
VSYNC from the LCD controller comes in continuous 
mode. Writing this bit will clear this interrupt. 


2(R/W) | INT_AB STATUS 


EE a 


Table 332: Interrupt Status 
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e ACC Number for Arbiter (VPP_ACC) — 0x00f8 


| siescription = 


7:0 (RW) | ACC_NUM jenn | aaa grant number of a read/write master of ihe arbiter 


En 


Table 333: ACC Number for Arbiter 


e VPP Output Buffer Full Threshold (VIDEO_FULL_THRESH) — 0x00fc 


eS 


The full level for the VPP output buffer. 


FIFO_FULL_THRESH | 4’h7 When VPP_CTRL[14] is set to 0, this bit must be set to 
47. 


If bit[3:0] is valid: 
THRESH_VAILD 0: Seung of elt e ast valid for the hardware. 
1: Setting of bit[3:0] is valid for the hardware. 
When VPP_CTRL14] is set to 0, this bit must be set to 1. 


Ea a 2 


Table 334: VPP Output Buffer Full Thresho!d 


PCI_COPY Data Engine 


Overview 


The PCI_COPY Engine is a PC! device that helps to perform single-channel DMA transfer for big block 
memories. 


It can be configured by the RISC as a PCI slave and perform DMA operations as a PCI master. 
It can help to more efficiently transfer data from/to ROM interface. 


Feature List 


e Supporis various kinds of source and destination (such as FIFO type device) 
e Supports both I/O and MEMORY transfer mode for different devices 

e Supports 2D DMA operations 

e Supports data switches 
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Register Definition 


Register Address Mapping 
The base address of the PCI_COPY register can be accessed at 0x57900000. 


e PCI Bridge RISC I/O Registers 


a 


Table 335: PCI_COPY Register Mapping 


e PCI_COPY Channel 0 Status Register (COPY_CHO_STATUS) — 0x0 
This register is used to configure the copy mode, including: 


- Source/destination burst control 

-  Source/destination FIFO control 

- Source/destination I/O or memory control 
— Switch control of copied data 

- Source/destination width control 


NOTE -\When programming the source or destination is in burst mode, it should be programmed 
in DWORD. The source or destination cannot be a FIFO. 
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The destination burst control. 
0 (R/W) DST_BURST 1: The destination should be accessed in burst mode. 
0: The destination should be accessed in single mode. 


The source burst control. 
1 (R/W) SRC_BURST 1: The source should be accessed in burst mode. 
0: The source should be accessed in single mode. 
The destination FIFO control. 
2 (R/W) DST_FIFO 1: The destination is a FIFO. 
0: The destination is not a FIFO. 
The source FIFO conirol. 
3 (R/W) SRC_FIFO 1: The source is a FIFO. 
0: The source is not a FIFO. 
The destination memory and I/O control. 
4 (RW) DST_IO_MEM 1: The destination is memory. 
0: The destination is I/O. 
The source memory and I/O control. 
5 (R/W) SRC_IO_MEM 1: The source is memory. 
0: The source is I/O. 


The data switch control to change the byte sequence in 
a DWORD. 
00: No switches 
7:6 (R/W) DATA_SWITCH 01: 1234 > 3412 
10: 1234 > 2143 
11: 1234 > 4321 
) 


The source width mode. 
00: DWORD 
9:8 (R/W SRC_WIDTH 01: Word 
10: Byte 
11: Reserved 


The destination width mode. 
00: DWORD 
11:10 (R/W) | DST_WIDTH 01: Word 
10: Byte 
11: Reserved 


Table 336: PCI_COPY Channel 0 Status Register (COPY_CH0O_STATUS) 
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e PCI_COPY CHOX Number Register (COPY_CHO_X_NUM) — 0x4 


This register is used to configure the horizontal data amount that to be copied; the amount of 
horizontal data is based on bytes. 


NOTE —Set X_NUM according to the values of SRC_WIDTH and DST_WIDTH (whichever is 
bigger) in the COPY_CHO_STATUS register. If WIDTH is in DWORD, X_NUM must 
also be in DWORD. If WIDTH is in WORD, X_NUM must also be in WORD. 


So 


The horizontal amount of the 2D copy data. 
15:0 (R/W) | X_NUM 16°hO 
Unit: Byte 


Table 337: PCICOPY CHOX Number Register (COPY_CH0O_X_NUM) 


* PCI_COPY CHO Y Number Register (COPY_CHO_Y_ NUM) — 0x8 


This register is used to configure the vertical amount of the 2D copy data. If this register is large 
than 1, then the process will become 2D data copy. 


[et [ Name | efaut [escinion | 
9:0 (R/W Y_NUM 10°h001 The vertical amount of the 2D copy data 


Table 338: PCI_COPY CHO Y Number Register (COPY_CHO_Y_NUM) 


e PCI_COPY CHOSource Register (COPY_CHO_SRC) — 0xC 
This register is used to configure the address of the first source data: 


[ee [Name [eeu [—eserion 


31:0 (R/W) | SRC_ADDR 32’h0 The address of the first source data 


Table 339: PCI_COPY CHOSource Register (COPY_CH0_SRC) 


e PCI_COPY CHODestination Register (COPY_CHO_DST) — 0x10 
This register is used to configure the address of the first destination data. 


oe 


31:0 (R/W) | DST_ADDR 32’hO The address of the first destination data 


Table 340: PCI_COPY CHODestination Register (COPY_CHO0_DST) 
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* PCI_COPY CHO 2D Step Register (COPY_CHO_2D_ STEP) — 0x14 


[st | wame [Detar] —Ceserton 


; ; 2D data step, it is the offset between two adjoining lines’ start 
TRAN) 20 STEP om positions; it shall be greater /equal to than the X_NUM. 


Table 341: PCIL_COPY CHO 2D Step Register (COPY_CH0_2D_ STEP) 


e PCI_COPY CHO Retry Number Register (COPY_CHO_RETRY_NUM) — 0x18 
This register is used to configure the PCI operation retry number. 


a 
7:0 (RIW) RETRY_NUM 8'h07 _| Retry number 


Table 342: PCIL_COPY CHO Retry Number Register (COPY_CHO_RETRY_NUM) 


e PCI_COPY Interrupt Status Register (COPY_INT_STATUS) — 0x60 


After the block copy process is done, the corresponding bit will be set to high. It will be reset either 
after writing 1’b1 to it or after the corresponding channel is enabled. 


OO 


The status of the COPY CHO interrupt. 
0 (R) CHO_INT 1’b0 It will be set to 1’b1 when the CHO transfer finishes and will be 
cleared to 1’b0 when CHO is enabled. 


Table 343: PCI_COPY Interrupt Status Register (COPY_INT_STATUS) 


e PCI_COPY Interrupt Enable Register (COPY_INT_EN) — 0x64 


If this register is 0, then PClL_COPY will not generate an interrupt signal when the data transfer is 
finished. 


ee 


0 (RW) CHO_INT_EN The CHO interrupt enable (active high) 


Table 344: PCI_COPY Interrupt Enable Register (COPY_INT_EN) 
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e PCI_COPY CHOEnable Register (COPY_CHO_EN) — 0x70 


After it is set to high, the corresponding channel will begin to work, and it will be reset 
automatically after the transfer is finished. 


a Co) 
0 (RW) CH_EN The Channel enable 


Ec CN 


Table 345: PCI_COPY CHOEnable Register (COPY_CH0_EN) 
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PERIPHERAL CONTROL MODULES 
PCI Bridge (SYS2PCI) 


Overview 


There is a bridge between the System Bus and PCI Bus (we call this bridge SYS2PCl), which coverts the 
(0 and memory accesses between the System Bus and PCI Bus. For I/O accesses, the PCI Bridge will 
convert the RISC/DSP I/O accesses into PCI data transactions and passes to the corresponding PCI 
devices. For memory access, the PCI Bridge is both a master and a slave on the System Bus. In most 
cases when PCI devices transfer data to or from the memory Controller, the PC! Bridge acts as the bus 
master on the System Bus. 


Feature List 


e Supports the internal AXI bus protocol as a master 

e Supports the internal PCI bus protocol as master and slave 

e Supports different ratio of system clock and I/O clock 

e Supports 64bit AXI to 32-bit PCI, I/O to PCI and 32-bit PC! to 64-bit AX] transforms 


Functional Descriptions 


Block Diagram 


Figure 49: SYS2PCI Block Diagram 
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Clock Topology 


PCi master PCI slave 


Figure 50: SYS2PCI Clock Topology Diagram 


Register Definitions 


Register Address Mapping 


The base address of the SYS2PCI register can be accessed through RISC I/O. The base address is 
0x800c0000. 


Both RISC and DSP are able to access System to PCI Bridge registers. 
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e PCI Bridge RISC I/O Registers 


RISC Address A ore 
0x0000 SYS2PCI_LRETRY System to PCI Bridge retry value 
0x0004 SYS2PCI_INT_EN System to PCI Bridge interrupt enabie 


fares Cie 


Table 346: PCI Bridge RISC I/O Register Mapping 


e PCI Bridge DSP I/O Registers 


To access PCI from the DSP side, System to PCI Bridge contains specific registers to convert the 
16-bit access on DSP to 32-bit access on PCI. 


fores Rene 


Table 347: PCI Bridge DSP '/O Register Mapping 


To perform a read operation, DSP needs to: 


Write SYS2PCI_DSP_ADDL, SYS2PCI_DSP_ADDH for correct PCI addresses 
- Write SYS2PCIl_DSP_OPERATE with correct BE, RW=1 

Poli SYS2PCI_DSP_OPERATE until RDY=1 

- Read data from SYS2PCI_DSP_DATAL, SYS2PCI_DSP_DATAH 


To perform a write operation, DSP needs to: 


- Write SYS2PCI_DSP_ADDL, SYS2PCI_DSP_ADDH for correct PCI addresses 
- Write SYS2PCI_DSP_DATAL, SYS2PCI_DSP_DATAH for write data on PCI 
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- Write SYS2PClL_DSP_OPERATE with correct BE, RW=0 
- Poll SYS2PCI_DSP_OPERATE until RDY=1 


Register Descriptions (RISC) 
e PCI Bridge Retry Value Register (SYS2PCI_RETRY) — 0x0000 


[st [ Wane beet [Cason 


5:0 (RW) | RETRY<5:0> System to PCI Bridge retry value 


a a A 


Table 348: PCI Bridge Retry Value Register (SYS2PCI_RETRY) 


SYS2PCI_RETRY is a 6-bit register that controls the retry time on the PCI side. When PCI access 
is terminated with retry, the System to PCI Bridge will wait for SYS2PCI_RETRY *Tpci_cix before it 
retries the same PCI access. 


e PCI Bridge Interrupt Enable Register (SYS2PCI_INT_EN) — 0x0004 


[et [Name [Beta [SSCs CS 
0 (R/W) Need to be written with 0. 


System to PC! Bridge Master abort interrupt enable. 
1 (R/W) MABT 1’b0 1: Enable the interrupt 
0: Disable the interrupt 


System to PCI Bridge Time out interrupt enable. 
2 (RW) TIMOUT 1’b0 1: Enable the interrupt 
0: Disable the interrupt 
ees Revere SCSC~*d 


Table 349: PCI Bridge Interrupt Enable Register (SYS2PCI_INT_EN) 


System to PCI Bridge Master abort interrupt enable: When there is master abort on the PCI bus, 
the current access will be cancelled. A master abort interrupt will be generated. 


System to PCI Bridge Time out interrupt enable: When an access on the PCI bus is terminated 
with retry X (X>TIMOUT_VALUE) times, the current access will be cancelled and a time-out abort 
interrupt will be generated. 
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e PCI Bridge Interrupt Status Register (SYS2PCI_INT_STATUS) — 0x0008 


[et [Name [peta [ SSC senon Sd 
0 (R/W) - tbo Reserved (need to be written with 0) 


System to PCI Bridge Master abort interrupt 
Read: 
1: Interrupt pending 
1 (RW) MABT 1’b0 0: No interrupt pending 
Write: 
1: Clear the interrupt pending 
0: No effects 
System to PCI Bridge Time out interrupt 
Read: 
1: Interrupt pending 
2 (RW) TIMOUT 1’b0 0: No interrupt pending 
Write: 
1: Clear the interrupt pending 
0: No effects 


pis [eens 


Table 350: PCI Bridge Interrupt Status Register (SYS2PCI_INT_STATUS) 


System to PCI Bridge Master abort interrupt: When there is master abort on the PCI bus, the 
current access will be cancelled and a master abort interrupt will be generated. 


System to PCI Bridge Time out interrupt: When an access on PCI bus is terminated with retry 
X(X> TIMEOUT) times, the current access will be cancelled and a time-out abort interrupt will be 
generated. 


e PCI Bridge Write Buffer Enable Register (SYS2PCI_WRITEBUFFER) — 0x000C 


[at [Name [Bett [Casein 


System to PCI Bridge write buffer enable 

1: Enable write buffer 

0: Disable write buffer 

When the write buffer is enabled, RISC I/O write to PCI 

device will be finished immediately when System to PCI 
0 (R/W) WB 1’b0 Bridge FIFO is ready to hold the command. Then System to 

PCI Bridge will transfer the command into the FIFO on the 

PCI bus. But the write operation will only be truly finished 

when the command is issued to the PCI bus. 

It is recommended to set the write buffer to enable, which can 

speed up the write operation. However the user needs to 

perform a read operation to the same address to guarantee 
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Description 


a ee that the write operation is really finished on the device. 


System to PCI Bridge read mode 
1 (R/W) 1’b1 1: Read will wait for current transfer to system memory finish. 
0: I/O read has no relations with transfer to system memory. 
EE a 


Table 351: PCI Bridge Write Buffer Enable Register (SYS2PCI_WRITEBUFFER) 


e System to PCI Bridge Time Out Register (SYS2PCI_TIMEOUT) — 0x0010 


[eit [Name | pofaut [Description 
15:0 (R/W) | TIMEOUT<15:0> 16°hffff System to PCI Bridge timeout value 
Ea a a 


Table 352: System to PCI Bridge Time Out Register (SYS2PCI_TIMEOUT) 


System to PCI Bridge timeout value is a 16-bit register that controls the retry number on the PCI 
side. If a read/write from RISC is retried for more than the time specified by TIMEOUT, then this 
command will be discarded. An interrupt will occur if users set the interrupt enable bit. If this value 
is set to 0, then the retry number time-out will never occur. 


Register Descriptions (DSP) 
e PCI Bridge DSP Operation Register (SYS2PCI_DSP_OPERATE) — 0x0000 


1: DSP read PCI 
0 (RW) ae read PC 
0: DSP write PCI 


1: DSP operation finished 

0: DSP operation not finished 
4 (R) RDY 1'b1 ci aa 

Write: 

1: Reset to 0 

0: Reset to 0 


Ea 


Byte enable for PCI read/write 

BE<0> - SYS2PCI_DSP_DATAL[7:0] 
7:4 (RW) | BE<3:0> | 4’h0 BE<1> - SYS2PCI_DSP_DATAL[15:8] 

BE<2> - SYS2PCI_DSP_DATAH|[7:0] 

BE<3> - SYS2PCI_DSP_DATAH[15:8] 
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1: Enable byte 
0: Disable the byte 


Table 353: PCI Bridge DSP Operation Register (SYS2PCI_DSP_OPERATE) 


e PCI Bridge DSP Address Low Register (SYS2PCI_DSP_ADDL) — 0x0002 


a 
15:0 (R/W) ADDL 16°hO PCI address low for DSP !/O access on PCI bus 


Table 354: PCI Bridge DSP Address Low Register (SYS2PCI_DSP_ADDL) 


e PCI Bridge DSP Address Low Register (SYS2PCI_DSP_ADDL) — 0x0002 


[st [Name | Bofout | ‘eseripion 
15:0 (RW) | ADDL 16°hO PCI address low for DSP I/O access on PCI bus 


Table 355: PCI Bridge DSP Address Low Register (SYS2PCI_DSP_ADDL) 


e PCI Bridge DSP Address High Register (SYS2PCI_DSP_ADDH) — 0x0004 


Pst [ Name [peta [CDeseriniom 
15:0 (R/W) ADDH 16°hO PCI address high for DSP I/O access on PCI bus 


Table 356: PCI Bridge DSP Address High Register (SYS2PCI_DSP_ADDH) 


e PCI Bridge DSP Daia Low Register (SYS2PCI_DSP_DATAL) — 0x0006 


ee ce 


PCI data low for DSP I/O access on PCI bus. 
15:0 (R/W) DATAL 16’hO 
It contains data for read/write. 


Table 357: PCI Bridge DSP Data Low Register (SYS2PCI_DSP_DATAL) 
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* PCI Bridge DSP Data High Register (SYS2PCIl_DSP_DATAH) — 0x0008 


PCI data high for DSP IO access on PCI bus. 
15:0 (R/W) | DATAH 16’hO ; 9 ; : 
It contains data for read/write. 


Table 358: PCI Bridge DSP Data High Register (SYS2PCI_DSP_DATAH) 


e PCI Bridge DSP Status Register (SYS2PCI_DSP_STATUS) — 0x000A 


[ee [ Name Bett [Certo 
ES 


System to PCI Bridge Master abort interrupt 
Read: 
1 (R) MABT 1’b0 1: Interrupt pending 
0: No interrupt pending 
Write: No effects 


System to PC! Bridge Time out interrupt 
Read: 
2 (R) TIMEOUT 1’b0 1: Interrupt pending 
0: No interrupt pending 
Write: No effects 


EE 


Table 359: PCI Bridge DSP Status Register (SYS2PCI_DSP_STATUS) 


This register is read-only about interrupt status information for DSP access. It requires RISC 
access to clear the interrupt status. 
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PCI Arbiter 


Overview 


SiRFatlasV implements a high-speed internal PCI bus that can run up to 125MHz. The PCi Bus Arbiter 
supports up to three PCI devices: ROM/SRAM Controller, SDIO Host Controller, PCl.COPY. The 
arbitration works in round-robin fashion. 


All the PCI device registers in PCI Subsystem share the same 256MB segment of the RISC address 
space (0x5000_0000~5FFF_FFFF). 


[rise aaaress Range «Usman ie 
fResones 
[Resones dw 
a 


fResoves | 
fpcnow [we 
fpoccory [we 
[Revove fe 
a 


Table 360: PCI Device Registers Mapping 


Function Descriptions 


Block Diagram 


ROM port 2 
PCl bus 
PClarb_top Master 
SD port 6 


PCI COPY <> port 7 


Figure 51: PCI_ARB Block Diagram 
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USB Controller 


Overview 


The USB is standard USB interface (D+/D-, ID), integrated PHY. The USB-HS core is implementing a 
USB interface in compliance with the USB 2.0 specification. The USB-HS core is able to act as peripheral 
controller, or host controller or a dual role OTG controller that is able to negotiate the host or peripheral 
role on the bus in compliance with the On-The-Go (OTG) supplement to the USB specification. 


The USB-HS core is designed to make efficient use of the system resources in a SoC design. The 32-bit 
system bus interface contains a chaining Direct Memory Access (DMA) engine that reduces the interrupt 
load on the application processor, and reduces the total system bus bandwidth that must be dedicated to 
servicing the USB interface requirements. By transferring the data to system memory at wire rates, the 
buffer memory requirement within the core is minimized. The USB-HS also makes strategic use of the 
processor for tasks that do not require timing critical responses to reduce the amount of special purpose 
logic. 


Feature List 


e USB 2.0 high-speed OTG (On-The-Go) dual-role USB host controller or USB device controller 
operation using the same hardware 


e = |ntel™ EHCI host controller 


e Direct support for connecting with USB host or device with (VBUS, D+, D-, ID, GND) 


e Dual-port RAM buffers that isolate memory latency on the system bus based on USB timing 
requirements 


Pin Descriptions 


External Pin Descriptions 


USB has an integrated transceiver on the chip; you can directly connect USB devices with USB through it. 


[PinName [Direction [Deserpion 
X_USB_VBUS USB power signal, 5V 
X_USB_DP Positive output channel connected to the serial USB cable 


X_USB_DN Negative output channel connected to the serial USB cable 
X_USB_ID USB ID pin of mini-AB receptacle 


Table 361: USB External Pin Description 
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Functional Descriptions 


Block Diagram 


Internal 
64-bit 


AHB 32-bit to 
AXI 64-bit bridge 


AXI bus 
VBUS 
Internal UTM! DP 
32-bit IO2AHB USB HS-OTG itéface DN 
IP core es 
VO bus transoeiver ID 
GND 


TX/RX buffer 


Figure 52: USB Block Diagram 


Module Descriptions 


Host and Device Data Structure 
For details of the data structure, contact your SIRF FAE. 


AHB 32Bit to AXI 64Bit Bridge and lO2AHS Bridge 


The USB-OTG core supports an AHB interface as well as a general bus interface. This interface goes on 
top of the original bus interface and conforms to the AHB protocol as defined in the AMBA specification. 
The USB-OTG core contains both an AHB master and slave. 


e The master interface only uses Single or unspecified INCR burst types 
e The slave interface only supports single accesses 
e Master can handle split, retry and error transfers 


e Slave does not handle error and retry responses. The slave transfers are simple and will always 
be completed 


To connect the USB-OTG core to the internal AXI bus, the AHB to AXI conversion is needed, it performs 
the following conversions: 


e Converts the AHB master signal to the AXI master. 
e Converts the I/O Bus signal to the AHB slave interface. 
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Register Definitions 
Register Address Mapping 


Base Address 


Address Mapping 


0x99000000 


Table 362: USB Base Address 


Register Mapping 


PResenee 
a 


USBOTG_PERIODICLISTBASE_ | Frame list base address (host) 
DEVICEADDR USB device address (device) 
USBOTG_ASYNCLISTADDR_E_ | Next asynchronous list address (host) 
PLISTADDR address at endpoint list in memory 


a 
feesoes 
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Table 363Address Mapping 


Register Definitions 
e USB-OTG USBCOMD Register (USBOTG_USBCMD) — 0x0140 


[ei [Wone [Detaut [Bescipion SSCS 


Run/Stop (RS) Default Ob. 1=Run. 0=Stop. 

Host Controller: 

When set to a 1, the Host Controller proceeds with the execution of the 
schedule. The Host Controller continues execution as long as this bit is 
set to a one. When this bit is set to 0, the Host Controller completes 
the current transaction on the USB and then halts. The HC Halted bit 
in the status register indicates when the Host Controller has finished 
the transaction and has entered the stopped state. 

0(R/W) | RS 1’b0 Software should not write a one to this field unless the host controller is 
in the Halted state (i.e. HCHalted in the USBSTS register is a one). 
Device Controller: 

Writing a one to this bit will cause the device controller to enable a pull- 
up on D+ and initiate an attach event. This control bit is not directly 
connected to the pull-up enable, as the pull-up will become disabled 
upon transitioning into high-speed mode. Software should use this bit 
to prevent an attach event before the device controller has been 
properly initialized. Writing a 0 to this will cause a detach event. 


RST Controller Reset (RESET) Software uses this bit to reset the 
controller. This bit is set to 0 by the Host/Device Controller when the 
reset process is complete. Software cannot terminate the reset process 
early by writing a 0 to this register. 

1 (RW) RST 1’bO Host Controller: 
When software writes a one to this bit, the Host Controller resets its 
internal pipelines, timers, counters, state machines etc. to their initial 
value. Any transaction currently in progress on USB is immediately 
terminated. A USB reset is not driven on downstream ports. Software 
should not set this bit to a one when the HCHalted bit in the USBSTS 


August, 2010 SiRF Datasheet — Proprietary and Confidential 260 


Sf SiRFatlasV 


pe ee AT551 Datasheet 


register is a0. Attempting to reset an actively running host controller 
will result in undefined behavior. 


Device Controller: 


When software writes a one to this bit, the Device Controller resets its 
internal pipelines, timers, counters, state machines etc. to their initial 
value. Writing a one to this bit when the device is in the attached state 
is not recommended, since the effect on an attached host is undefined. 
In order to ensure that the device is not in an attached state before 
initiating a device controller reset, all primed endpoints should be 
flushed and the USBCMD Run/Stop bit should be set to 0. 

Frame List Size 


Default O0Ob. This field is Read/Write only if Programmable Frame List 
Flag in the HCCPARAMS registers is set to one. This field specifies 
the size of the frame list that controls which bits in the Frame Index 
Register should be used for the Frame List Current index. Note that 
this field is made up from USBCMD bits 15, 3, and 2. 


Value description: 

000: 1024 elements (4096 bytes) Default value 
001: 512 elements (2048 bytes) 

010: 256 elements (1024 bytes) 

011: 128 elements (512 bytes) 

100: 64 elements (256 bytes) 

101: 32 elements (128 bytes) 

110: 16 elemenis (64 bytes) 

111: 8 elements (32 bytes) 

Only the host controller uses this field. 


Periodic Schedule Enable Default Ob. This bit controls whether the host 
controller skips processing the Periodic Schedule. 


Values meaning 
0: Do not process the Periodic Schedule 


1: Use the PERIODICLISTBASE register to access the Periodic 
Schedule. 


Only the host controller uses this bit. 


Asynchronous Schedule Enable Read/Write. Default Ob. This bit 
controls whether the host controller skips processing the Asynchronous 
Schedule. 
Value description: 

5 (RW) (pha = 0: Do not process the Asynchronous Schedule. 
1: Use the ASYNCLISTADDR register to access the Asynchronous 
Schedule. 
Only the host controller uses this bit. 


6 (R/W) Interrupt on Async Advance Doorbell Read/Write. This bit is used as a 
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doorbell by software to tell the host controller to issue an interrupt the 
next time it advances asynchronous schedule. Software must write a 1 
to this bit to ring the doorbell. 


When the host controller has evicted all appropriate cached schedule 
states, it sets the Interrupt on Async Advance status bit in the USBSTS 
register. If the Interrupt on Sync Advance Enable bit in the USBINTR 
register is one, then the host controller will assert an interrupt at the 
next interrupt threshold. 


The host controller sets this bit to zero after it has set the Interrupt on 
Sync Advance status bit in the USBSTS register to one. Software 
should not write a one to this bit when the asynchronous schedule is 
inactive. Doing so will yield undefined resuiis. 


This bit is only used in host mode. Writing a one to this bit when device 
mode is selected will have undefined results. 


1’b Host/Device Controller Reset (OPTIONAL). Read only. Not 
Implemented. This field will always be 0. 


7 (R) 

Asynchronous Schedule Park Mode Count (OPTIONAL) Read/Write. 
If the Asynchronous Park Capability bit in the HCCPARAMS register is 
a one, then this field defaulis to 3h and is R/W. Otherwise it defaults to 
zero and is RO. It contains a count of the number of successive 
transactions the host controller is allowed to execute from a high-speed 

8 (RW) | ASPO queue head on the Asynchronous schedule before continuing traversal 
of the Asynchronous schedule. Valid values are 1h to 3h. Software 
must not write a zero to this bit wnen Park Mode Enable is a one as 
this will result in Undefined behavior. 
This field is set to 3h in this implementation. 


efor [eet SSCS 
a 


Asynchronous Schedule Park Mode Enable (optional) Read/Write. 
If the Asynchronous Park Capability bit in the HCCPARAMS register is 
a one, then this bit defaults to a 1h and is R/W. Otherwise the bit must 
ASPE be a zero and is RO. 
Software uses this bit to enable or disable Park mode. When this bit is 
one, Park mode is enabled. When this bit is a zero, Park mode is 
disabled. 
This field is set to 1 in this implementation. 
Add dTD TripWire. Read/write. Device mode only. This bit is used as a 
semaphore to ensure the proper addition of a new dTD to an active 
ATDTW | 1’bo (primed) endpoint's linked list. This bit is set and cleared by software. 
This bit shall also be cleared by hardware when is state machine is 
hazard region for which adding a dTD to a primed endpoint may go 
unrecognized. 
Setup TripWire. Read/write. 
SUTW_ | 1’bO Device mode only. This bit is used as a semaphore to ensure that the 
setup data payload of 8 bytes is extracted from a QH by the DCD 
without being corrupted. If the setup lockout mode is off (See 
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Description 


USBMODE) then there exists a hazard when new setup data arrives 
while the DCD is copying the setup data payload from the QH fora 
previous setup packet. This bit is set and cleared by software and will 
be cleared by hardware when a hazard exists. 


See bit 2 


Interrupt Threshold Control. Read/write. 
The system software uses this field to set the maximum rate at which 
the host/device controller will issue interrupts. ITC contains the 
maximum interrupt interval measured in micro-frames. 
Value: Maximum Interrupt Interval 
00h: Immediate (no threshold) 
23:16 ITC[7: 0] 8’hs Oth: 1 micro-frame 
(AN) 02h: 2 micro-frames 
04h: 4 micro-frames 
O8h: 8 micro-frames 
10h: 16 micro-frames 
20h: 32 micro-frames 
40h: 64 micro-frames 


Table 364: USB-OTG USBCOMD Register 


e USB-OTG USBSTS Register (USBOTG_USBSTS) — 0x0144 


[Bi [Name [eta [oatcipton 


Interrupt (USBINT). R/WC. 


This bit is set by the Host/Device Controller when the cause of an 
interrupt is a completion of a USB transaction where the Transfer 
Descriptor (TD) has an interrupt on complete (IOC) bit set. 


This bit is also set by the Host/Device Controller when a short packet is 
detected. A short packet is when the actual number of bytes received 
was less than the expected number of bytes. 


Error Interrupt (USBERRINT). RAWC. 


When completion of a USB transaction results in an error condition, this 
bit is set by the Host/Device Controller. This bit is set along with the 
USBINT bit, if the TD on which the error interrupt occurred also had its 
interrupt on complete (IOC) bit set 


The device controller detects resume signaling only. 
Port Change Detect. R/WC. The Host Controller sets this bit to a one 


when on any port a Connect Status occurs, a Port Enable/Disable 
Change occurs, or the Force Port Resume bit is set as the result of a J-K 
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The Device Controller sets this bit to a one when the port controller 
enters the full or high-speed operational state. When the port controller 
exits the full or high-speed operation states due to Reset or Suspend 
events, the notification mechanisms are the USB Reset Received bit and 
the DCSuspend bits respectively. 


This bit is not EHCI compatible. 


Frame List Rollover. R/WC. The Host Controller sets this bit to a one 
when the Frame List Index rolls over from its maximum value to zero. 
The exact value at which the rollover occurs depends on the frame list 
size. For example, if the frame list size (as programmed in the Frame 
List Size field of the USBCMD register) is 1024, the Frame Index 
Register rolls over every time FRINDEX [1 3] toggles. Similarly, if the 
size is 512, the Host Controller sets this bit to a one every time 
FHINDEX [12] toggles. 


Only used by the host controller. 


Interrupt on Async Advance. R/WC. Default: 0. 


System software can force the host controller to issue an interrupt the 
next time the host controller advances the asynchronous schedule by 
writing a one to the Interrupt on Async Advance Doorbell bit in the 


USBCMD register. This status bit indicates the assertion of that interrupt 
source. 


Only used by the host controller. 


USB Reset Received. R/WC. Default: 0 
When the device controller detects a USB Reset and enters the default 


state, this bit will be set to a one. Software can write a 1 to this bit to 
clear the USB Reset Received status bit. 


Only used by the device controller. 


SOF Received. R/WC. Default: 0 


When the device controller detects a Start Of (micro) Frame, this bit will 

be set to a one. When a SOF is extremely late, the device controller will 

automatically set this bit to indicate that an SOF was expected. 

Therefore, this bit will be set roughly every 1ms in device FS mode and 

every 125ms in HS mode and will be synchronized to the actual SOF 
SRI 1°b0 that is received. 


Since the device controller is initialized to FS before connect, this bit will 
be set at an interval of 1ms during the prelude to connect and chirp. 


In host mode, this bit will be set every 125us and can be used by host 
controller driver as a time base. 


Software writes a 1 to this bit to clear it. 
This is a non-EHC] status bit. 
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this bit will be set to a one. The device controller clears the bit upon 
exiting from a suspend state. 


When the ULPI Viewport is present in the design, an event completion 
will set this interrupt. 


Used by both host & device controller. Only present in designs where 
configuration constant VUSB_HS_PHY_ULPI = 1. 


HCHalted. Read only. Default: 1 


This bit is a zero whenever the Run/Stop bit is a one. The Host 
Controller sets this bit to one after it has stopped executing because of 
the Run/Stop bit being set to 0, either by software or by the Host 
Controller hardware (e.g. internal error). 


Only used by the host controller. 


Reclamation. Read only. Default: 0 


This is a read-only status bit used to detect an empty asynchronous 
schedule. 


Only used by the host controller. 


Periodic Schedule Status. Read only. Default: 0 


This bit reports the current real status of the Periodic Schedule. When 
set to zero the periodic schedule is disabled, and if set to one the status 
is enabled. The Host Controller is not required to immediately disable or 
enable the Periodic Schedule when software transitions the Periodic 
Schedule Enable bit in the USBCMD register. When this bit and the 
Periodic Schedule Enable bit are the same value, the Periodic Schedule 
is either enabled (1) or disabled (0). 


Only used by the host controller. 


Asynchronous Schedule Status. Read only. Default: 0 


This bit reports the current real status of the Asynchronous Schedule. 
When set to zero the asynchronous schedule status is disabled and if 
set to one the status is enabled. 


The Host Controller is not required to immediately disable or enable the 
Asynchronous Schedule when software transitions the Asynchronous 
Schedule Enable bit in the USBCMD register. When this bit and the 
Asynchronous Schedule Enable bit are the same value, the 
Asynchronous Schedule is either enabled (1) or disabled (0). 


Only used by the host controller. 


NAK Interrupt Bit. Read only. 


16 (R) This bit is read-only. It is set by hardware when for a particular endpoint 
both the TX/RX Endpoint NAK bit and the corresponding TX/RX 


August, 2010 SiRF Datasheet — Proprietary and Confidential 265 


Sf SiRFatlasV 


pe ee AT551 Datasheet 


sewn [Bete 
Endpoint NAK Enable bit are set. This bit is automatically cleared by 
hardware when all the enabled TX/RX Endpoint NAK bits are cleared. 


USB Host Asynchronous Interrupt (USBHSTASYNCINT). R/WC. 


This bit is set by the Host Controller when the cause of an interrupt is a 
completion of a USB transaction where the Transfer Descriptor (TD) has 
an interrupt on complete (IOC) bit set AND the TD was from the 
asynchronous schedule. 


This bit is also set by the Host when a short packet is detected AND the 
packet is on the asynchronous schedule. A short packet is when the 
actual number of bytes received is less than expected. 


This bit is not used by the device controller and is always zero. 


USB Host Periodic Interrupt (USBHSTPERINT). R/WC. 


This bit is set by the Host Controller when the cause of an interrupt is a 
completion of a USB transaction where the Transfer Descriptor (TD) has 
an interrupt on complete (IOC) bit set and the TD was from the periodic 
schedule. 

This bit is also set by the Host Controller when a short packet is detected 
AND the packet is on the periodic schedule. A short packet is when the 
actual number of bytes received was less than the expected number of 
bytes. 


General Purpose Timer Interrupt 0 (GPTINTO). R/WC. 

This bit is set when the counter in the GPT IMEROCTRL (Non-EHCl) 
register transitions to zero. Writing a one to this bit will clear it. 
General Purpose Timer Interrupt 1 (GPTINT1). R/WC. 


This bit is set when the counter in the GPTIMER1CTRL (Non-EHCl) 
register transitions to zero. Writing a 1 to this bit will clear it. 


feiae [Rene 


Table 365: USB-OTG USBSTS Register 


e USB-OTG USBINTR Register (USBOTG_USBINTR) — 0x0148 


USB Interrupt Enable 

When this bit is a one, and the USBINT bit in the USBSTS register is a 
0 (R/W) | UE 1’bO one, the host/device controller will issue an interrupt at the next interrupt 

threshold. The interrupt is acknowledged by software by clearing the 

USBINT bit. 


1 (RW) USB Error Interrupt Enable 
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When this bit is a one, and the USBERRINT bit in the USBSTS register is 
a one, the host controller will issue an interrupt at the next interrupt 
threshold. The interrupt is acknowledged by software by clearing the 
USBERRINT bit in the USBSTS register. 


Port Change Detect Enable 


When this bit is 1, and the Port Change Detect bit in the USBSTS register 
is 1, the host/device controller will issue an interrupt. The interrupt is 
acknowledged by software by clearing the Port Change Detect bit. 


Frame List Rollover Enable 


When this bit is 1, and the Frame List Rollover bit in the USBSTS register 
is 1, the host controller will issue an interrupt. The interrupt is 
acknowledged by software by clearing the Frame List Rollover bit. 


Only used by the host controller. 


System Error Enable 

When this bit is a one, and the Sysiem Error bit in the USBSTS register is 
a one, the host/device controller will issue an interrupt. The interrupt is 
acknowledged by software clearing the System Error bit. 


Interrupt on Async. Advance Enable 


When this bit is a one, and the Interrupt on Async Advance bit in the 
USBSTS register is a one, the host controller will issue an interrupt at the 
next interrupt threshold. The interrupt is acknowledged by software 


clearing the Interrupt on Async Advance bit. 
Only used by the host controller. 


USB Reset Enable 


When this bit is a one, and the USB Reset Received bit in the USBSTS 
register is a one, the device controller will issue an interrupt. The interrupt 
is acknowledged by software clearing the USB Reset Received bit. 


Only used by the device controller. 


SOF Received Enable 
When this bit is a one, and the SOF Received bit in the USBSTS register 


is a one, the device controller will issue an interrupt. The interrupt is 
acknowledged by software clearing the SOF Received bit. 


Sleep Enable 

When this bit is a one, and the DCSuspend bit in the USBSTS register 
transitions, the device controller will issue an interrupt. The interrupt is 
acknowledged by software writing a one to the DCSuspend bit. Only used 
by the device controller. 


ULPI Enable 


When this bit is a one, and the ULPI Interrupt bit in the USBSTS register 
transitions, the controller will issue and interrupt. The interrupt is 
acknowledged by software writing a one to the ULPI Interrupt bit. Used by 
both host and device controller. Only present in designs where 
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configuration constant VUSB_HS_PHY_ULPI = 1. 
NOTE: SiRFatlasV has no ULPI, ignore it. 


EE 


NAK Interrupt Enable 
16 NAKE | 1’bO This bit is set by software if it wants to enable the hardware interrupt for 
(R/W) the NAK Interrupt bit. If both this bit and the corresponding NAK Interrupt 
bit are set, a hardware interrupt is generated. 


a 


USB Host Async. Interrupt Enable 
18 When this bit is a one, and the USBHSTASYNCINT bit in the USBSTS 
(RW) UAIE | 1’bO register is a one, the host controller will issue an interrupt at the next 
interrupt threshold. The interrupt is acknowledged by software clearing the 
USBHSTASYNCINT bit. 


USB Host Periodic Interrupt Enable 

19 When this bit is a one, and the USBHSTPERINT bit in the USBSTS 

(RW) UPIE | 1’bO register is a one, the host controller will issue an interrupt at the next 
interrupt threshold. The interrupt is acknowledged by software clearing the 
USBHSTPERINT bit. 


fame [- [aw [esos 


General Purpose Timer interrupt Enable 0 
24 TIEO | 1’bo When this bit is a one, and the GPTINTO bit in the USBSTS register is a 
(RW) one, the controller will issue an interrupt. The interrupt is acknowledged by 
software clearing the GPTINTO bit. 


General Purpose Timer interrupt Enable 1 
25 TIE1 | 1’bo When this bit is a one, and the GPTINT1 bit in the USBSTS register is a 
(RW) one, the controller will issue an interrupt. The interrupt is acknowledged by 
software clearing the GPTINT1 bit. 


size [- [mo [Rsseves 


Table 366: USB-OTG USBINTR Register 


e USB-OTG FRINDX Register (USBOTG_FRINDX) — 0x014C 


Frame index 

The value, in this register, increments at the end of 

each time frame (e.g. micro-frame). Bits [N: 3] are 
13:0 ERINDEX 14’hO used for the Frame List current index. This means 
(R/W) that each location of the frame list is accessed 8 

times (frames or micro-frames) before moving to the 

next index. 

The following illustrates values of N based on the 
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value of the Frame List Size field in the USBCMD 
register, when used in host mode. 

USBCMD [Frame List Size] Number Elements N 
000b (1024) 12 

001b (512) 11 

010b (256) 10 

011b (128) 9 

100b (64) 8 

101b (32) 7 

110b (16) 6 

111b (8) 5 

In device mode the value is the current frame number 
of the last frame transmitted. It is not used as an 
index. 

In either mode bits 2:0 indicate the current 
microframe. 


Table 367: USB-OTG FRINDX Register 


e USB-OTG PERIODICLISTERBASE / DEVICEADDR Register (USBOTG_PD) — 0x0154 
- Host controller 


a 


31:12 Base address (low). These bits correspond to 
(RW) PERBASE memory address signals [31:12], respectively. Only 
used by the host controller. 


Table 368: USB-OTG PERIODICLISTERBASE Register 


— Device controller 


Device Address Advance. Default: 0. 
When this bit is 0, any writes to USBADR are instantaneous. 
24 When this bit is written to 1 at the same time or before 
(RW) USBADRA 1’b0 USBADR is written, the write to the USBADR field is staged 
and held in a hidden register. After an IN occurs on endpoint 0 
and is ACKed, USBADR will be loaded from the holding 
register. 
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Hardware will automatically clear this bit on the following 
conditions: 

IN is ACKed to endpoint 0. (USBADR is updated trom 

staging register). 

OUT/SETUP occurs to endpoint 0. (USBADR is not 

updated). 

Device Reset occurs (USBADR is reset to 0). 
NOTE - After the status phase of the SET ADDRESS 
descriptor, the DCD has 2ms to program the USBADR field. 
This mechanism will ensure this specification is met when the 
DCD can not write of the device address within 2ms from the 
SET_ADDRESS status phase. If the DCD writes USBADR 
with USBADRA=1 after the SET ADDRESS data phase 
(before the prime of the status phase), the USBADR will be 
programmed instantly at the correct time and meet the 2ms 
USB requirement. 


31:25 DEVICE ADDR pe ena These bits correspond to the USB device 


Table 369: USB-OTG DEVICEADDR Register 


e USB-OTG ASYNCLISTADDR / ENDPOINTLISTADDR Register (USBOTG_PD) — 0x0158 
- Host controller 


Link pointer low (LPL). These bits correspond to memory address 
31:5 ; signals [31:5], respectively. This field may only reference a Queue 
(RW) ASYBASE | 8’hO Head (QH). 

Only used by the host controller. 


Table 370: USB-OTG ASYNCLISTADDR Register 


- Device controller 


a 
a 


Endpoint List Pointer (Low). These bits 

31:11 correspond to memory address signals 

(RW) EPBASE [31:11], respectively. This field will reference a 
list of up to 32 Queue Heads (QH). (i.e. one 
queue head per endpoint and direction.) 


Table 371: USB-OTG ENDPOINTLIST ADDR Register 
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e USB-OTG TTCTRL Register (USBOTG_TTCTRL) — 0x015C 


[task [Dossier 


foe [Aid 
Ee ae Se eS a 


Table 372: USB-OTG TTCTRL Register 


e USB-OTG BURSTSIZE Register (USBOTG_BUSTSIZE) — 0x0160 


os 0 

(RW) RXPBURST ae oe Programmable 1X burst length 
19:8 | TXPBURST P 

(RW) U rogrammable RX burst length 


Table 373: USB-OTG BURSTSIZE Register 


e USB-OTG TXFILLTUNING Register (USBOTG_TXFILLTUNING) — 0x0164 


Fe Overhead. Read/write. Default: 0 This register adds 
an additional fixed offset to the schedule time estimator 
described above as Tff 
As an approximation, the value chosen for this register should 
limit the number of back-off events captured in the 
TXSCHHEALTH to less than 10 per second in a highly utilized 
TXSCHOH bus. Choosing a value that is too high for this register is not 
desired as it can needlessly reduce USB utilization. 
The time unit represented in this register is 1.267us when a 
device is connected in High-Speed Mode for OTG & SPH. 
The time unit represented in this register is 6.333us when a 
device is connected in Low/Full Speed Mode for OTG & SPH. 


Scheduler Health Counter. Read/write to clear. Default: 0 

This register increments when the host controller fails to fill the 
TX latency FIFO to the level programmed by TXFIFOTHRES 
before running out of time to send the packet before the next 
Start-Of-Frame . 

This health counter measures the number of times this occurs 
to provide feedback to selecting a proper TXSCHOH. Writing 


TXSCHEALTH 


to this register will clear the counter. The maximum of this 
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aie 


= Burst Threshold. Read/write. Default: 0 


This register controls the number of data bursis that are posted 
to the TX latency FIFO in host mode before the packet begins 
on to the bus. The minimum value is 2 and this value should be 


a low as possible to maximize USB performance. A higher 

(RW) TXFIFOTHRES | 6’hO value can be used in systems with unpredicable latency and/or 
insufficient bandwidth where the FIFO may underrun because 
the data transferred from the latency FIFO to USB occurs 
before it can be replenished from system memory. This value 
is ignored if the Stream Disable bit in USBMODE register is 
set. 


Table 374: USB-OTG TXFILLTUNING Register 


e USB-OTG ULPIVIEWPORT Register (USBOTG_ULPIVIEWPORT) — 0x0170 
SiRFatlasV has no ULPI interface, so this register is reserved. 


[ae [Nene [stu [Descipion SSCS 


7-0 ULPI Data Write. Read/write. 

(RW) ULPIDATWR_ | 8’hO When a write operation is commanded, the data to be sent is 
written to this field. 
ULPI Data Read. Read only. 

15:8 (R) | ULPIDATRD 8’hO ; ae 
After a read operation completes, the result is placed in this field. 
ULPI Data Address. Read/write. 

ULPIADDR 8'hO When a read or write operation is commanded, the address of 

the operation is written to this field. 


ULPI Port Number. Read/write. 
For the wakeup or read/write operation to be executed, this 

; value selects the port number the ULPI PHY is attached to in the 

ULPIPORT 3’b000 multi-port host. 

Value range: 0 to 7 
It should always be 0 for non-multi port products. 
ULPI Sync State. Read only. 
1: Normal Sync. State. 

0: In another state such as carkit, serial, and low power 

27 (R) ULPISS "= This bit represents the state of the ULPI interface. Before 

reading this bit, the ULPIPORT field should be set accordingly if 
used with the multi-port host. Otherwise, this field should always 
remain 0. 


August, 2010 SiRF Datasheet — Proprietary and Confidential 272 


SiRFatlasV 
AT551 Datasheet 


ULPI Read/Write Control. Read/write. 

0: Read 

1: Write 

This bit selects a read or writes operation. 


ULPI Read/Write Run. Read/write. 
Writing 1 to this bit will begin the read/write operation. The bit will 


change to 0 when the read/write is complete. Once this bit is set, 
the driver can not set it to 0. 


The driver must never execute a wakeup and a read/write 
operation at the same time. 
ULPI Wakeup. Read/write. 


Writing 1 to this bit will begin the wakeup operation. The bit will 
change to 0 when the wakeup is complete. Once this bit is set, 
the driver can not set it back to 0. 


The driver must never execute a wakeup and a read/write 
operation at the same time. 


Table 375: USB-OTG ULPIVIEWPORT Register 


e USB-OTG ENDPTNAK Register (USBOTG_ ENDPTNAk) — 0x0178 


[Bk [Wome [Outut [Dessrpion SSS 


15:0 


(RWC) EPRN |} 16’hO 


31:16 


(RWC) EPTN | 16’hO 


RX Endpoint NAK “C R/WC. Each RX endpoint has 1 bit in this field. The 
bit is set when the device sends a NAK handshake on a received OUT 
or PING token for the corresponding endpoint. 


Bit15 Endpoint #15 
Bit i Endpoint #1 
BitO Endpoint #0 


TX Endpoint NAK. Each TX endpoint has 1 bit in this field. The bit is set 
when the device sends a NAK handshake on a received IN token for the 
corresponding endpoint. 


Bit15 Endpoint #15 
Bit 1 Endpoint #1 
BitO Endpoint #0 


Table 376: US6-OTG ENDPTNAK Register 
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e USB-OTG ENDPTNAKEN Register (USBOTG_ENDPTNAKEN) — 0x017C 


[ee [Name [betut [Deseepton 


RX Endpoint NAK Enable. Each bit is an enable bit for the 
corresponding RX Endpoint NAK bit. If this bit is set and the 
corresponding RX Endpoint NAK bit is set, the NAK Interrupt bit is 

15:0 ; set. 

EPRNE 16’h0 

(RW) Bit 15 Endpoint #15 
Bit 1 Endpoint #1 
BitO Endpoint #0 


TX Endpoint NAK Enable. Each bit is an enable bit for the 
corresponding TX Endpoint NAK bit. if this bit is set and the 
corresponding TX Endpoint NAK bit is set, the NAK Interrupt bit is 

31:16 ' set. 

EPTNE 16’hO 

(RW) Bit15 Endpoint #15 
Bit 1 Endpoint #1 
BitO Endpoint #0 


Table 377: USB-OTG ENDPTNAKEN Register 


e USB-OTG PORTSC1 Register (USBOTG_ PORTSC1) — 0x0184 


[ai [Name [Batu [Deswipion SSS 


Current Connect Status Read Only. 
In Host Mode: 
1: Device is present on port. 
0: No device is present. 
Default: 0. 
This value reflects the current state of the port, and may not 
correspond directly to the event that caused the Connect Status 
Change bit (Bit 1) to be set. 

0 (R) ccs 1’bO This field is zero if Port Power (PP) is zero in host mode. 
In Device Mode: 
1: Attached. 
0: Not Attached. Default. 
1 indicates that the device successfully attached and is operating in 
either high speed or full speed as indicated by the High Speed Port bit 
in this register. 
0 indicates that the device did not attach successfully or was forcibly 
disconnected by software by writing 0 to the Run bit in the USBCMD 
register. It does not state the device being disconnected or suspended. 


(RANG) Connect Status Change. R/WC. 
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1: Change in Current Connect Status. 
0: No change. 

Default: 0. 

In Host Mode: 


Indicates a change has occurred in the port's Current Connect Status. 
The host/device controller sets this bit for all changes to the port device 
connect status, even if system software has not cleared an existing 
connect status change. For example, the insertion status changes 
twice before system software has cleared the changed condition, hub 
hardware will be setting a ready-set bit (the bit remains set). Software 
clears this bit by writing a one to it. This field is 0 if Port Power (PP) is 0 
in host mode. 


In Device Mode: 
This bit is undefined in device controller mode. 


Port Enabled/Disabled. Read/write. 
1: Enable. 

0: Disable. 

Default: 0. 

In Host Mode: 


Ports can only be enabled by the host controller as a part of the reset 

and enable. Software cannot enable a port by writing a one to this field. 

Ports can be disabled by either a fault condition (disconnect event or 
PE other fault condition) or by the host software. 

NOTE - The bit status does not change until the port state actually 


changes. There may be a delay in disabling or enabling a port due to 
other host controller and bus events. 


When the port is disabled, (0b) downstream propagation of data is 
blocked except for reset. 


This field is 0 if Port Power (PP) is 0 in host mode. 

In Device Mode: 

The device port is always enabled. (This bit will be 1.) 

Port Enable/Disable Change R/WC. 1=Port enabled/disabled status 
has changed. O=No change. Default = 0. 

In Host Mode: 


For the root hub, this bit gets set to a one only when a port is disabled 
due to disconnect on the port or due to the appropriate conditions 
existing at the EOF2 point. Software clears this by writing 1 to it. 


This field is 0 if Port Power (PP) is 0. 
In Device mode: 
The device port is always enabled. (This bit will be 0.) 


Over-current Active. Read only. Default 0. 
1: This port currently has an over-current condition. 
0: This port does not have an over-current condition. This bit will 
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automatically switch from 1 to 0 when the over current condition is 
removed. 

For host/OTG implementations the user can provide over-current 
detection to the vbus_pwr_fault input for this condition. 

For device-only implementations this bit shall always be 0. 


Over-current Change. R/WC. Default=0. 
1: This bit is set to one when there is a change to Over-current Active. 
Software clears this bit by writing a one to this bit position. 

ae For host/OTG implementations the user can provide over-current 


detection to the vbus_pwr_fault input for this condition. 
For device-only implementations this bit shall always be 0. 


Force Port Resume. Read/write. 

1: Resume detected/driven on port. 

0: No resume (K-state) detected/driven on port. Default. 
In host mode: 


Software sets this bit to one to drive resume signaling. The Host 
Controller sets this bit to one if a J-to-K transition is detected while the 
port is in the Suspend state. 


When this bit transitions to a one because a J-to-K transition is 
detected, the Port Change Detect bit in the USBSTS register is also set 
to 1. This bit will automatically change to 0 after the resume sequence 


is complete. This behavior is different from EHCI where the host 
controller driver is required to set this bit to a O after the rsume duration 
is timed in the driver. 


NOTE - When the Host controller owns the port, the resume 


sequence follows the defined sequence documented in the USB 
Specification Revision 2.0. The resume signaling (Full-speed 'K’) is 
driven on the port as long as this bit remains a 1. This bit will remain a 
one until the port has switched to the high-speed idle. Writing a 0 has 
no affect because the port controller will time the resume operation 
clear the bit the port control state switches to HS or FS idle. 


This field is 0 if Port Power (PP) is 0 in host mode. 
This bit is not-EHCI compatible. 
In device mode: 


After the device has been in Suspend State for 5ms or more, software 
must set this bit to one to drive resume signaling before clearing. The 
Device Controller will set this bit to one if a J-to-K transition is detected 
while the port is in the Suspend state. The bit will be cleared when the 
device returns to normal operation. Also, when this bit transitions to a 
one because a J-to-K transition detected, the Port Change Detect bit in 
the USBSTS register is also set to one. 


Suspend 
In host mode: Read/write. 
7 (RW) | SUSP 
1: Port in suspend state. 
0: Port not in suspend state. 
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Default: 0. 


Port Enabled Bit and Suspend bit of this register define the port states 
as follows: 

Bits [Port Enabled, Suspend] Port State 

Ox: Disable 

10: Enable 

11: Suspend 

When in suspend state, downstream propagation of data is blocked on 
this port, except for port reset. The blocking occurs at the end of the 
current transaction if a transaction was in progress when this bit was 
written to 1. In the suspend state, the port is sensitive to resume 
detection. Note that the bit status does not change until the port is 
suspended and that there may be a delay in suspending a port if there 
is a transaction currently in progress on the USB. 


The host controller will unconditionally set this bit to O when software 
sets the Force Port Resume bit to 0. The host controller ignores a write 
of 0 to this bit. 


If host software sets this bit to a 1 when the port is not enabled (i.e. 
Port enabled bit is a 0) the results are undefined. 


This field is 0 if Port Power (PP) is 0 in host mode. 
In Device Mode: Read only. 
1: Port in suspended state. 


0: Port not in suspended state. Default. 
In device mode this bit is a read only status bit. 


Port Reset 

This field is 0 if Port Power (PP) is 0. 
In Host Mode: Read/write. 

1: Portis in Reset. 

0: Port is not in Reset. Default. 


When software writes a 1 to this bit the bus-reset sequence as defined 
in the USB Specification Revision 2.0 is started. This bit will 
automatically change to 0 after the reset sequence is complete. This 
behavior is different from EHCI where the host controller driver is 
required to set this bit to a O after the reset duration is timed in the 
driver. 


In Device Mode: read only. 

Device reset from the USB bus is also indicated in the USBSTS 
register. 

High-Speed Port. Read only. Default: Ob. 


When the bit is one, the host/device connected to the port is in high- 
speed mode and if set to 0, the host/device connected to the port is not 
in a high-speed mode. 

NOTE - HSP is redundant with PSPD (27:26) but will remain in the 
design for compatibility. 
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Description 


Line Status Read Only. These bits reflect the current logical !evels of 
the D+ (bit 11) and D- (bit 10) signal lines. The encoding of ihe bits are: 


Bits [11:10] Meaning 
00b SEO 

10b J-state 

01b K-state 

11b Undefined 


In host mode, the use of linestate by the host controller driver is not 
necessary (unlike EHCI), because the port controller state machine 
and the port routing manage the connection of LS and FS. 


In device mode, the use of linestate by the device controller driver is 
not necessary. 


Port Power (PP). Read/write or read only. The function of this bit 
depends on the value of the Port Power Switching (PPC) field in the 
HCSPARAMS register. The behavior is as follows: 


PPC: PP Operation 


Ob: Ob read only. A device controller with no OTG capability does not 
have port power contro! switches. 


1b: 1b/Ob read/write. Host/OTG controller requires port power control 
switches. This bit represents the current setting of the switch (O=off, 
1=on). When power is not available on a port (PP = 0), the port is non- 
functional and will not report attaches, detaches, etc. 


When an over-current condition is detected on a powered port and 
PPC is a 1, the PP bit in each affected port may be transitioned by the 
host controller driver from a one to a 0 (removing power from the port). 
This feature is implemented in the host/OTG controller (PPC = 1). 


In a device only implementation port power control is not necessary, 
thus PPC and PP = 0. 


Port Owner Read Only. Port owner handoff is not implemented in this 
design, therefore this bit will always read back as 0. 


The EHCI definition is include here for reference: 


Default: 0 


This bit unconditionally goes to a 0 when the configured bit in the 
CONFIGFLAG register makes a 0 to 1 transition. This bit 
unconditionally goes to 1 whenever the Configured bit is zero System 
software uses this field to release ownership of the port to a selected 
host controller (in the event that the attached device is not a high- 
speed device). Software writes a one to this bit when the attached 
device is not a high-speed device. A one in this bit means that an 
internal companion controller owns and controls the port. 


Port Indicator Control. Read/write. Default: OOb. 


Writing to this field has no effect if the P_INDICATOR bit in the 
HCSPARAMS register is 0. If PLINDICATOR bit is 1, then the bit is: 
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[Bi [Name [Batu [Desarpion SSCS 


00b: Port indicators are off 

01b: Amber 

10b: Green 

11b: Undefined 

Refer to the USB Specification Revision 2.0 [3] for a description on 
how these bits are to be used. 

This field is output from the controller as signals port_ind_ctl_1 & 
port_ind_ctl_0O for use by an external led driving circuit. 


Port Test Control Read/Write. Default = OO00b. 
A non-zero value indicates that the port is operating in test mode. 
0000b: TEST_MODE_DISABLE 
0001b: J- STATE 
0010b: K_STATE 
0011b: SEO (host) / NAK (device) 
0100b: Packet 
0101b: FORCE_ENABLE_HS 

19:16 0110b: FORCE_ENABLE_FS 

PTC 4’b0000 = = 

(R/W) 0111b: FORCE_ENABLE_LS 
1000b to 1111b: Reserved 
The FORCE_ENABLE_FS and FORCE ENABLE LS are extensions to 
the test mode support specified in the EHCI specification. Writing the 
PTC field to any of the FORCE_ENABLE_{HS/FS/LS} values will force 
the port into the connected and enabled state at the selected speed. 
Writing the PTC field back to TEST_MODE_DISABLE will allow the 
port state machines to progress normally from that point. 
NOTE - Low speed operations are not supported as a peripheral 
device. 


Wake on Connect Enable (WKCNNT_E). Read/write. Default: Ob. 
Writing this bit to a one enables the port to be sensitive to device 
connects as wake-up events. 
au y | IRENE | eg This field is 0 if Port Power (PP) is 0 or in device mode. 
This bit is output from the controller as signal pwrctl_wake_dscnnt_en 
(OTG/host core only) for use by an external power control circuit. 
Wake on Disconnect Enable (WKDSCNNT_E) j? read/write. 
Default: Ob 
21 Writing this bit to a one enables the port to be sensitive to device 
(RW) WKDC_ | 1’b0 disconnects as wake-up events. 
This field is 0 if Port Power (PP) is 0 or in device mode. 
This bit is output from the controller as signal pwrctl_wake_dscnnt_en 
(OTG/host core only) for use by an external power control circuit. 


22 Wake on Over-current Enable (WKOC_E) Read/Write. 
WKOC_ | 1’b0 ~ 
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Description 


Writing this bit to a one enables the port to be sensitive to over-current 
conditions as wake-up events. 


This field is 0 if Port Power (PP) is 0. 


This bit is output from the controller as signal pwrctl_wake_ovrcurr_en 
(OTG/host core only) for use by an external power control circuit. 


PHY Low Power Suspend - Clock Disable (PLPSCD) Read/Write. 
Default: Ob 


Writing this bit to a 1b will disable the PHY clock. Writing a Ob enables 
it. Reading this bit will indicate the status of the PHY clock. NOTE: The 
PHY clock cannot be disabled if it is being used as the system clock. 


In device mode, The PHY can be put into Low Power Suspend - Clock 
Disable when the device is not running (USBCMD Run/Stop=0b) or the 
host has signaled suspend (PORTSC SUSPEND=1b). Low power 
suspend will be cleared automatically when the host has signaled 
resume if using a circuit similar to that in 10. Before forcing a resume 
from the device, the device controller driver must clear this bit. 


In host mode, the PHY can be put into Low Power Suspend - Clock 
Disable when the downstream device has been put into suspend mode 
or when no downstream device is connected. Low power suspend is 
completely under the contro! of software. 


This bit is not defined in the EHCI specification. 
Port Force Full Speed Connect Read/Write. Default = Ob. Writing this 


bit to a 1b will force the port to only connect at Full Speed. It disables 
the chirp sequence that allows the port to identify itself as High Speed. 
This is useful for testing FS configurations with a HS host, hub or 
device. 


This bit is not defined in the EHCI specification. 
This bit is for debugging purposes. 


Port Speed Read Only. This register field indicates the speed at 
which the port is operating. For HS mode operation in the host 
controller and HS/FS operation in the device controller the port routing 
steers data to the Protocol engine. For FS and LS mode operation in 

; the host controller, the port routing steers data to the Protocol Engine 

a PSPD 2’b11 w/ Embedded Transaction Translator. 

00 Full speed 
01: Low speed 
10: High speed 
This bit is not defined in the EHCI specification. 


Parallel Transceiver Width Read/Write. 

This register bit is used in conjunction with the configuration constant 
28 (R) PTW 1’b0 VUSB_HS_PHY‘16_8 to control whether the data bus width of the 

UTMI transceiver interface. If VUSB_HS PHY16_8 is set for 0 or 1 

then this bit is read only. If VUSB_HS_PHY16_8 is 2 or 3 then this bit 

is read/write. This bit is reset to 1 if VUSB_HS PHY16 8 selects a 
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Description 

default UTMI interface width of 16-bits else it is reset to 0. 
Writing this bit to 0 selects the 8-bit [60MHz] UTMI interface. 
Writing this bit to 1 selects the 16-bit [3]OMHz] UTMI interface. 
This bit has no effect if the Serial interface is selected. 

This bit is not defined in the EHCI specification. 


Serial Transceiver Select. This register bit is used in conjunction with 
the configuration constant VUSB_HS_PHY_SERIAL to control whether 
the parallel or serial transceiver interface is selected for FS and LS 
operation. The Serial Interface Engine can be used in combination 
with the UTMI+ physical interface to provide FS/LS signaling instead of 
the parallel interface. If VUSB_HS_ PHY_SERIAL is set for 0 or 1 then 
this bit is read only. If VUSB_HS_PHY_SERIAL is 3 or 4 then this bit is 
read/write. 


This bit has no effect unless Parallal Transc eiver Select is s et to 
UTMI-+. 


The Serial/1.1 physical interface will use the Serial Interface Engine for 
FS/LS signaling regardless of this bit value. 


NOTE: This bit is reserved for future operation and is a placeholder 
adding dynamic use of the serial engine in accord with UMTI+ 
characterization logic. 


This bit is not defined in the EHCI specification. 
Parallel Transceiver Select. This register bit pair is used in conjunction 


with the configuration constant VUSB_HS_PHY_TYPE to control which 
parallel transceiver interface is selected. 


This bit is not defined in the EHCI specification. 


Table 378: USB-OTG PORTSC1 Register 


August, 2010 SiRF Datasheet — Proprietary and Confidential 281 


A SiRFatlasV 


ees AT551 Datasheet 


e USB-OTG OTGSC Register (USBOTG_ OTGSC) — 0x01A4 


VBUS_Discharge. 
Setting this bit causes VBus to discharge through a resistor. 


VBUS Charge Read/Write. 

Setting this bit causes the VBus line to be charged. This is used for 
VBus pulsing during SRP. 

Hardware Assist Auto-Reset Read/Write. 

0: Disabled. 

1: Enable automatic reset after connect on host port. 


OTG Termination Read/Write. 


This bit must be set when the OTG device is in device mode, this 
controls the pull-down on DM. 


Data Pulsing Read/Write. 


Setting this bit causes the pull-up on DP to be asserted for data pulsing 
during SRP. 


ID Pullup Read/Write 
This bit controls the ID pull-up resister. 
IDPU 1’b1 0: Off 
1: On (default). 
When this bit is 0, the ID input will not be sampled. 


HADP HADP Hardware Assist Data-Pulse Write to Set. 
1: Start Data Pulse Sequence. 


HABA Hardware Assist B-Disconnect to A-connect Read/Write. 
0: Disabled. 
1: Enable automatic B-disconnect to A-connect sequence. 


USB ID Read Only. 
0: A device 


HABA 
1: B device 


AVY A VBus Valid Read Only. 
Indicates VBus is above the A VBus valid threshold. 

A Session Valid Read Only. 
Indicates VBus is above the A session valid threshold. 
B Session Valid. Read only. 

41(R) |BSV | 1'bO ¥ a 
Indicates VBus is above the B session valid threshold. 
B Session End. Read only. 

12(R) |BSE | 1'bo . ¥ . 
Indicates VBus is below the B session end threshold. 
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1 milisecond timer toggle. Read only. 
This bit toggles once per millisecond. 


Data Bus Pulsing Status. Read only. 
1 indicates data bus pulsing is being detected on the port. 


USB ID Interrupt Status. Read/write. 
This bit is set when a change on the ID input has been detected. 
Software must write a one to clear this bit. 


13(R) 1msT | 1’b0 
'bO 


14(R) | DPS 1 


Pa 


on 


iv 


A VBus Valid Interrupt Status. Read/write to clear. 


This bit is set when VBus has either risen above or fallen below the 
VBus valid threshold (4.4 VDC) on an A device. 


Software must write a one to clear this bit. 


= 
N“N 


A Session Valid Interrupt Status. Read/write 


This bit is set wnen VBus has either risen above or fallen below the A 
session valid threshold (0.8 VDC). 


Software must write a one to clear this bit. 


= 
fee) 


B Session Valid Interrupt Status. Read/write to clear. 


This bit is set when VBus has either risen above or fallen below the B 
session valid threshold (0.8 VDC). 


Software must write a one to clear this bit. 


— 
oO 


B Session End Interrupt Status. Read/write to clear. 

This bit is set when VBus has fallen below the B session end threshold. 
Software must write a one to clear this bit 

1 milisecond timer Interrupt Status. Read/write to clear. 

This bit is set once every millisecond. 

Software must write a one to clear this bit. 


Nh 
= 


Data Pulse Interrupt Status. Read/Write to Clear. 


This bit is set when data bus pulsing occurs on DP or DM. Data bus 
pulsing is only detected when USBMODE.CM = Host (11) and 
PORTSC(0). PortPower = Off (0). 


Software must write a one to clear this bit. 


z 
IDIE 4’b0 USB ID Interrupt Enable Read/Write. 
(RW) Setting this bit enables the USB ID interrupt. 
A VBus Valid Interrupt Enable Read/Write. 
AVVIE | 1’b0 ner ae 
Setting this bit enables the A VBus valid interrupt. 
0 A Session Valid Interrupt Enable Read/Write. 
Setting this bit enables the A session valid interrupt. 
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B Session Valid Interrupt Enable Read/Write. 
Setting this bit enables the B session valid interrupt. 
B Session End Interrupt Enable Read/Write. 
Setting this bit enables the B session end interrupt. 


1 milisecond timer Interrupt Enable Read/Write 
Data Pulse Interrupt Enable 


Reserved 


Table 379: USB-OTG OTGSC Register 


e USB-OTG USBMODE Register (USBOTG_USBMODE) — 0x01A8 


Controller Mode. 


Controller mode is defaulted to the proper mode for host only and 
device only implementations. For those designs that contain both host 
and device capability, the controller will default to an idle state and will 
need to be initialized to the desired operating mode after reset. For 
combination host/device controllers, this register can only be written 
once after reset. If it is necessary to switch modes, software must reset 
the controller by writing to the RESET bit in the USBCMD register 
before reprogramming this register. 


00: Idle (default for combination host/device) 

01: Reserved 

10: Device controller (default for device only controller) 
11: Host controller (default for host only controller) 


Endian Select. Read/Write. This bit can change the byte ordering of the 
transfer buffers to match the host microprocessor bus architecture. The 
bit fields in the microprocessor interface and the DMA data structures 
(including the setup buffer within the device QH) are unaffected by the 
value of this bit, because they are based upon 32-bit words. 


0: Little Endian (default) first byte referenced in least significant byte of 
32-bit word. 


1: Big Endian - first byte referenced in most significant byte of 32-bit 
word. 


Setup Lockout Mode. In device mode, this bit controls behavior of the 
setup lock mechanism. 

3(R/W) | SLOM 0: Setup Lockouts On (default) 
1: Setup Lockouts Off (DCD requires use of Setup Data Buffer Tripwire 
in USBCMD) 
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Stream disable mode. (0: Inactive [default]; 1: Active) 

Device mode: Setting to 1 disables double priming on both RX and TX 
for low bandwidth systems. This mode ensures that when the RX and 
TX buffers are sufficient to contain an entire packet that the standared 
double buffering scheme is disabled to prevent overruns/underruns in 
bandwidth limited systems. 

Note — In High Speed Mode, all packets received will be responded to 
with a NYET handshake when stream disable is active. 

4(R/W) | SDIS 1’bO Host mode: Setting to 1 ensures that overruns/underruns of the latency 
FIFO are eliminated for low bandwidth systems where the RX and TX 
buffers are sufficient to contain the entire packet. Enabling stream 
disable also has the effect of ensuring the the TX latency is filled to 
capacity before the packet is lanched onto the USB. 

Time duration to pre-fill the FIFO becomes significant when stream 
disable is active. See TXFILLTUNING to characterize the adjustments 
needed for the scheduler when using this feature. 

This feature may lower the overail USB performance. 


Vbus power select 
0: Output is 0. 
1: Output is 1. 

a) WEES 0 This bit is connected to the vbus_pwr_select output and can be used 
for any generic contro! but is named to be used by logic that selects 
between an on-chip Vbus power source (charge pump) and an off-chip 
source in systems when both are available. 


EA 


Table 380: USB-OTG USBMODE Register 


e USB-OTG ENDPTSETUPSTAT Register (USBOTG_ENDPTSETUPSTAT) — 0x01AC 


[Bi [Name | Beto [Desetnton 


Setup endpoint status. 


For every received setup transaction, a corresponding bit 

in this register is set to 1. Software must clear or 

acknowledge the setup transfer by writing 1 to that bit 
ENDPSETUPSTAT after it has read the setup data from Queue head. The 


response to a setup packet as in the order of operations 
and total response time is crucial to limit bus time outs 
while the setup lock our mechanism is engaged. See 
Managing Endpoints in the Device Operational Model. 


This register is only used in device mode. 


Table 381: USB-OTG ENDPTSETUPSTAT Register 
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e USB-OTG ENDPTPRIME Register (USBOTG_ENDPTPRIME) — 0x01B0 


[ek [Wane [botut [Besetpton SS 


SiRFatlasV endpoint receive buffer - R/WS. 

For each endpoint, a corresponding bit is used to request a buffer 

prepare for a receive operation for when a USB host initiates a USB 

OUT transaction. Software should write a one to the corresponding 

bit whenever posting a new transfer descriptor to an endpoint. 

Hardware will automatically use this bit to begin parsing for a new 
15:0 transfer descriptor from the queue head and prepare a receive buffer. 
(RW) PERB 16’h0 Hardware will clear this bit when the associated endpoint is 

successfully primed. 

These bits will be momentarily set by hardware during hardware re- 

priming operations when a dTD is retired, and the dQH is updated. 

Bit15 Endpoint #15 

Bit1 Endpoint #1 

BitO Endpoint #0 


SiRFatlasV endpoint transmit buffer -R/WS. 
For each endpoint a corresponding bit is used to request that a buffer 
prepared for a transmit operation in order to respond to a USB 
IN/INTERRUPT transaction. Software should write a one to the 
corresponding bit when posting a new transfer descriptor to an 
endpoint. Hardware will automatically use this bit to begin parsing for 
31:16 a new transfer descriptor from the queue head and prepare a 
(RW) PETB 16’h0 transmit buffer. Hardware will clear this bit when the associated 
endpoint is successfully primed. 
These bits will be momentarily set by hardware during hardware re- 
priming operations when a dTD is retired, and the dQH is updated. 
PETB[15] Endpoint #15 
PETB[1] Endpoint #1 
PETB[O] Endpoint #0 


Table 382: USB-OTG ENDPTPRIME Register 


e USB-OTG ENDPTFLUSH Register (USBOTG_ENDPTFLUSH) — 0x01B4 


Flush endpoint receive buffer. C R/AWS. 

Writing 1 to a bit will cause the associated endpoint to clear any primed 

buffers. If a packet is in progress for one of the associated endpoints, 
15:0 ; then that transfer will continue until completion. Hardware will clear this 
(RIB) FERB | 16°h0 register after the endpoint flush operation is successful. 

Bit15 Endpoint #15 

Bit 1 Endpoint #1 

BitO Endpoint #0 
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Flush endpoint transmit buffer. R/WS. 

Writing 1 to a bit in this register will cause the associated endpoint to 

clear any primed buffers. If a packet is in progress for one of the 

associated endpoints, then that transfer will continue until completion. 
31:16 FETB | 16’h0 Hardware will clear this register after the endpoint flush operation is 
(R/B) successful. 

FETB[15] Endpoint #15 

FETB[1]_ Endpoint #1 

FETB[O] Endpoint #0 


Table 383: USB-OTG ENDPTFLUSH Register 


e USB-OTG ENDPTSTAT Register (USBOTG_ENDPTSTAT) — 0x01B8 


[Bi [Name [Oetaut [Descipon 


Endpoint receive buffer ready. Read only. 

One bit for each endpoint indicates status of the respective endpoint 

buffer. This bit is set to 1 by the hardware as a response to receiving a 

command from a corresponding bit in the ENDPTPRIME register. There 

is always a delay between setting a bit in the ENDPTPRIME register and 

endpoint indicating ready. This delay time varies with the current USB 

traffic and the number of bits set in the ENDPTPRIME register. Buffer 
15:0 (R) | ERBR | 16’hO ready can be cleared by USB reset, USB DMA system, or the 

ENDPTFLUSH register. 

These bits wiil be cleared by hardware during hardware endpoint re- 

priming operations when a dTD is retired, and the dQH is updated. 

ERBR[15] Endpoint #15 

ERBR[i] Endpoint #1 

ERBR[Oj Endpoint #0 


Endpoint transmit buffer ready. Read only. 

One bit for each endpoint indicates status of the respective endpoint 

buffer. This bit is set to 1 by the hardware as a response to receiving a 

command from a bit in the ENDPTPRIME register. There is always a 

delay between setting a bit in the ENDPTPRIME register and endpoint 

indicating ready. This delay time varies with the current USB traffic and 
31:16 the number of bits set in the ENDPTPRIME register. Buffer ready is 
(R) ETBR | 16’h0 cleared by USB reset, by the USB DMA system, or through the 

ENDPTFLUSH register. 

These bits will be cleared by hardware during hardware endpoint re- 

priming operations when a dTD is retired, and the dQH is updated. 

ETBR[15] Endpoint #15 

ETBR[1] Endpoint #1 

ETBR[0] Endpoint #0 


Table 384: USB-OTG ENDPTSTAT Register 
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e USB-OTG ENDPTCOMPLETE Register (USBOTG_ ENDPTCOMPLETE) — 0x01BC 


[Bk [Wome [outut [Deserpion SS 


Endpoint receive complete event RW/C. Each bit indicates a received 

event (OUT/SETUP) occurred and software should read the endpoint 

queue to determine the transfer status. If the IOC bit is set in Transfer 
15-0 Descriptor, this bit will be set simultaneously with the USBINT. 
(RWC) ERCE | 16’h0 Write 1 to clear the corresponding bit in this register. 

ERCE[15] Endpoint #15 

ERCE[1] Endpoint #1 

ERCE[0] Endpoint #0 


Endpoint transmit complete event R/WC. Each bit indicates a transmit 
event (IN/INTERRUPT) occurred and sofiware should read the endpoint 
queue to determine the endpoint status. If the IOC bit is set in Transfer 
31-16 Descriptor, this bit will be set simultaneously with the USBINT. 
(RWC) ETCE | 16’h0 Write 1 to clear the corresponding bit in this register. 
ETCE[15] Endpoint #15 
ETCE[1] Endpoint #1 
ETCE[0] Endpoint #0 


Table 385: USB-OTG ENDPTCOMPLETE Register 


e USB-OTG ENDPTCTRLO Register (USBOTG_ENDPTCTRLO) — 0x01C0 


[bi [Wome [Detaut [Bescipion SSCS 


RXS_ RX endpoint stall 

0: End point OK (default) 

1: End point stalled 

Software can write a one to this bit to force the endpoint to return a 
stall handshake to the Host. It will continue returning stall until the bit is 
cleared by software or it will automatically be cleared upon receipt of a 
new setup request. 

0(R/W) | RXS 1’b0 After receving a setup request, this bit will continue to be cleared by 
hardware until the associated ENDPTSETUPSTAT bit is cleared. 
There is a short delay (up to 50 clocks) between the endptsetupstat 
being cleared and hardware continuing to clear this bit. In most 
systems it is unlikely the dcd software will observe this delay. However, 
should the dcd observe that the stall bit is not set after writing a one to 
it then follow this procedure: 

Continually write this stall bit until it is set or until a new setup has been 
received a checking the associated endptsetupstat bit. 


RX ————_$<$@ <= type 
:2(R) 2’b0 
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Description 


a Endpoint0 is fixed as a Control End Point. 
a 


RX endpoint enable 
7(R) RXE 1’b1 1: Enabled 
Endpoint0 is always enabled. 


seam [eee 


TX endpoint stall. Read/write 
0: End point OK (default) 
1: End point stalled 
Software can write a one to this bit to force the endpoint to return a 
stall handshake to the Host. It will continue returning stall until the bit is 
cleared by software or it will automaiicailly be cleared upon receipt of a 
new setup request. 

16(RIW) | TXS 1’b0 After receving a setup request, this bit will continue to be cleared by 
hardware until the associated ENDPTSETUPSTAT bit is cleared. 
There is a short delay (up to 50 clocks) between the endptsetupstat 
being cleared and hardware continuing to clear this bit. In most 
systems it is unlikely the dcd software will observe this delay. However, 
should the dcd observe that the stall bit is not set after writing a one to 
it then follow this procedure: 
Continually write this stall bit until it is set or until a new setup has been 
received by checking the associated endptsetupstat bit. 


a 


TX endpoint type 
19:18(R) | TXT 2’b00 00: Control 
Endpoint0 is fixed as a Control End Point. 


EE 


TX endpoint enable 
23(R) TXE 1’b1 1: Enabled 
Endpoint0 is always enabled. 


Table 386: USB-OTG ENDPTCTRLO Register 
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e USB-OTG ENDPTCTRL1~3 Register (USBOTG_ENDPTCTRL1~3) — 0x01C4~0x1CC 


[Bi [Name [oat [Desatpion SSS 


RX endpoint stall. Read/write 
0: End point OK (default) 
1: End point stalled 
This bit will be cleared automatically upon receipt of a setup request if 
this endpoint is configured as a control endpoint and this bit will 
continue to be cleared by hardware until the associated 
ENDPTSETUPSTAT bit is cleared. 
Software can write a one to this bit to force the endpoint to return a 

0 (R/W) | RXS 1’b0 stall handshake to the host. This control will continue to stall until this 
bit is either cleared by software or automatically cleared as above for 
control endpoints. 
For control endpoint types, there is a short delay (up to 50 clocks) 
between the endptsetupstat being cleared and hardware continuing to 
clear this bit. In most systems it is unlikely the dcd software will 
observe this delay. However, should the dcd observe that the stall bit is 
not set after writing a one to it then follow this procedure: Continually 
write this stall bit until it is set or until a new setup has been received 
by checking the associated endptsetupstat bit. 


RX endpoint data sink 
1(R/W) | RXD 1’b0 0: Dual Port Memory Buffer/DMA Engine (default) 
Should always be written to 0. 


RX endpoint type 
a 00: Control 
(RW) RXT 2’b00 01: Isochronous 

10: Bulk 

11: Reserved 


[Tress 


RX data toggle inhibit 
0: Disabled (default) 

5 (RW) | RX! 1'b0 wena 
This bit is only used for test and should always be written to 0. Writing 
1 to this bit will cause this endpoint to ignore the data toggle sequence 
and always accept data packet regardless of their data PID. 
RX data toggle reset (WS) 
Write 1: Reset PID Sequence 

6 (RW) | RAR 1°b0 Whenever a configuration event is received for this Endpoint, software 
must write 1 to this bit in order to synchronize the data PID's between 
the host and device. 


RX endpoint enabl 
7 (RW) | RXE 1’bO a point enable 
0: Disabled (default) 
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1: Enabled 
An Endpoint should be enabled only after it has been configured. 


TX endpoint stall 
0: End point OK 
1: End point stalled 


This bit will be cleared automatically upon receipt of a setup request if 
this endpoint is configured as a control endpoint and this bit will 
continue to be cleared by hardware until the associated 
ENDPTSETUPSTAT bit is cleared. 


Software can write a one to this bit to force the endpoint to return a 
stall handshake to the host. This contro! will continue to stall until this 
bit is either cleared by software or automatically cleared as above for 
control endpoints. 


For control endpoint types: There is a short delay (up to 50 clocks) 
between the endptsetupstat being cleared and hardware continuing to 
clear this bit. In most systems it is unlikely the dcd software will 
observe this delay. However, should the dcd observe that the stall bit is 
not set after writing a one io it then follow this procedure: Continually 
write this stall bit until it is set or until a new setup has been received 
by checking the associated endptsetupstat bit. 


TX endpoint data source 


0: dual port memory buffer/DMA engine (default) 
Should always be written as 0. 


TX endpoint type 
00: Control 

01: Isochronous 
10: Bulk 

11: interrupt 


Ea 


TX data toggle inhibit 
0: PID sequencing enabled. (default) 

a XI 4°bO 1: PID sequencing disabled. 
This bit is only used for test and should always be written as zero. 
Writing a one to this bit will cause this endpoint to ignore the data 
toggle sequence and always transmit DATAO for a data packet. 
TX data toggle reset (WS) 

22 Write 1: Reset PID sequence 

TXR 1’b0 

(RW) Whenever a configuration event is received for this Endpoint, software 
must write a one to this bit in order to synchronize the data PID's 
between the Host and device. 
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Description 
0: Disabled (default) 
1: Enabled 


An Endpoint should be enabled only after it has been configured. 


Reserved 


Table 387: USB-OTG ENDPTCTRL1~3 Register 


e USBOTG PHY PROGRAM Register (USBOTG_PHY_PROGRAM) — 0x0200 


Enables or disables the VBUS Valid comparator. When 
OTGDISABLE is set to 150 and comp_always_on is asserted, 
comp_always_o | 4, the Bandgap circuitry and VBUS Valid comparator are powered, 
~ ~ 1'b1 even in Suspend mode: 
e 1’b0: The VBUS Valid comparator is enabled 
e 1’b1: The VBUS Valid comparator is disabled. 


Reference clock select for PHY PLL block 


bO 
e 2’b11, 2’b10: The PLL uses CLKCORE as reference. 
refclksel 2'b01 e 2’b01: The PLL uses an external clock supplied on the XO 
pin. 
e 2’b00: Reversed 
Common block power-down control 
Control the power-down signals in the XO, Bias, and PLL blocks 
when the USB 2.0 nanoPHY is suspended. 
e« 1: The XO, Bias, and PLL blocks are powered down in 
Suspend mode. 
e 0: The XO, Bias, and PLL blocks remain powered in Suspend 
mode. 


This signal is a strapping option that must be set prior to a 
power-on reset and remain static during normal operation. 


OTG block disable 
Power down the OTG block, including the VBUS Valid 
. : comparator. If the application does not use OTG functionality, 
) Be ele my you can set this input high to save power. 
e 1: The OTG block is powered down. 
e 0: The OTG block is not powered down. 


Tx jitter adjustment. 
Adjust tx jitter. 


e 1: TX Jitter Fix enable (design default) 
e 0: TX Jitter Fix disable 


| 
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Transmitter high-speed crossover adjustment. 
Adjusts the voltage at which the DP and DM signals 
21:20 cross while transmitting in HS mode 
(RW) txhsxvtune 11: The crossover voltage is increased by 15mV 
10: The crossover voltage is increased by 30mV 
01: Default setting 
00: Reserved 


HS DC voltage level adjustment. 

Adjust the voltage to which the high speed DC level is tuned. 
1111: + 8.75% 
1110: + 7.5% 
1101: + 6.25% 
1100: + 5% 
1011: + 3.75% 
1010: + 2.5% 

txvreftune 1001: + 1.25% 
(R/ 1000: Design default 

0111: — 1.25% 
0110: -2.5% 
0101: — 3.75% 
0100: = 5% 
00171: — 6.25% 
0010: — 7.5% 
0001: — 8.75% 
0000: — 10% 


1 
Ww 


19 
) 
15 
) 

HS transmitter pre-emphasis enable. 

Enable or disable the pre-emphasis for a J-K or 
14 txpreemphasistu K-J state transition in HS mode. 
(RW) | ne e 1: The HS transmitter pre-emphasis is enabled. 

disabled. 

FS/LS pull-up resistance adjustment. 

Adjust the low- and full-speed pull-up resistance, based on 
13:10 nominal power, voltage, and temperature. 

txfsistune 
(R/W) e 1111:-2.5% 
e 0111: Design default 


HS transmitter rise/fall time adjustment. 
cccine Adjust the rise/fall times of the high speed waveform. 
(R/W e 1:-8% 
e 0: Design default 
e 0 (design default): The HS Transmitter pre-emphasis is 
e 0011:+ 2.5% 
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Description 


e 0001: + 5% 
Squelch threshold tune. 
Adjust the voltage level for the threshold used to detect valid 
high-speed data. 

111: -— 20% 

110: — 15% 

101: -— 10 

100: —-5% 

011: Design default 

010: + 5% 

001: + 10% 

000: + 15% 


VBUS valid threshold adjusiment. 
Adjust the voltage level! for the VBUS valid threshold. 
e 111:+ 9% 

110: + 6% 

101: + 3% 

100: + Design default 

011: - 3% 

010: —6% 

001: -— 9% 

000: — 12% 
Disconnect threshold adjustment. 
Adjust the voltage level for the threshold used to detect a 
disconnect event at the host. 

111: + 6% 

110: + 4.5% 

compdistune 3’h3 101: + 3% 

100: +1.5 

011: Design default 

010: — 1.5% 

001: — 3% 

000: - 4.5% 


(RW) 


Table 388: USBOTG PHY PROGRAM Register 
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ROM Interface 


Overview 


The ROM interface is one of the PCI devices on the internal PCI bus. The only purpose is to support CPU 
interface LCD panel through either RISC I/O access or RISC PCI I/O access. The port only has one bit 
address. 

Feature List 


e Access CPU interface LCD panel through either RISC I/O bus or RISC PCI bus 
e Only 1-bit address, 


Pin Descriptions 


The following table shows the pins used in ROM interface and their function. The ROM/SRAM interface 
pins are multiplexed with other devices. 


vO Es Default Status Description 
Type Function 
ROM/ ; 
X_L_PCLK LCD LCD Output high Chip select pins. Active low. 


ROM/ 
X_L_DE LCD/GP | GPIO Output Address pin 
lO 


X_LDD<15:0> LCD Data pins of high 16 bits 


X_L_FCK LCD Output Data output enable. Active low. 
X_L_LCK LCD Output Data write enable. Active low. 


Table 389: ROM External Pin Descriptions 
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Functional Descriptions 


Block Diagram 


Internal ROM PCI 


ROM control 


Internal . 
VO bus EBD ROM 


Figure 53: ROM Interface Biock Diagram 


Address Mapping 


RISC IO access PCI 1O access address 
address[27:0] [31:0] FCE_B<1> 


0xC000000 ~ 0x6C000000~ ) 
0/1 X_DF_CS_B<1> active 
OxFFFFFFF Ox6FFFFFFF a 


Table 390: RISC I/O Access/PCI I/O Access Address Mapping 


NOTE — It is recommended to use PCi I/O access mode. 


Timing Diagram 


Fixed Latency 


e = Single read 
ROM interface transfers one data every time X_FCE_B asserted. 
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FAI1] Valid address 


| I I I 
TCES TACC 1 TDF | 
a i at | 


Figure 54: Fixed Latency Single Read 


e Burst read 
ROM interface transfers more than one data every time X_FCE_B asserted. 


xipak / \ | sy 
FEC_B[1] 1 1 

! | u 

| 


ces! TACC ! TNACC TOF 
a a > 
| | | | I 


‘ 


Figure 55: Fixed Latency Burst Read 
e = Single write 


ROM interface transfers one data every time X_FCE_B asserted. 


X_L_PCLK ' ! ! I 
FEC _B[1] i i i H 


X_L_DE " 
FA] a ' ' Valid address ! nest 


| u ' 1 
TCEQ TACC ITDF I 
SO 


Figure 56: Fixed Latency Single Write 
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e Burst write 
ROM interface transfers one data every time X_FCE_B asserted. 


| I 1 | ! | | 
X_L_PCLK ; a rot oot 


FEC_BIt] I i | 1 | | 


' 
! 
Jwctles 
X_L_LCK © orto tote ok ] 
| | 
ee I 

aT | \Validaddress\1 | address)1 | Validjaddress, 2 | {Validjaddressy 2 | = | Valid dies h 
Se a TSS 

FD[15:0] | Valid data 1 " | Validjdata 2 Valid Hata n 

| I i | 1 | 


= 


I 1 ! 1 | | 
CES; TACC | TDF |TGAP/TCEQTT3ACC) TDF 
lg — poling pp — pg — a — | —_ >! b<—t>! 
I I 1 | 1 | | | | 
| | 1 | I | ' ' ' 


Figure 57: Fixed Latency Burst Write 
Register Definition 
Register Address Mapping 


Base Address 


Access Type Address Mapping 
ROM internal register base address through RISC I/O 0xA0010000 
ROM internal register base address through PCI 0x57A00000 


ROM device base address through RISC 1/O 0x10000000 
ROM device base address through PCI 0x60000000 


Table 391: ROM Interface Address Mapping 


Register Mapping 
The ROM interface registers include configure registers CSO to CS3. 


RISCArosS STM [Rogol ———~S~S~C*dDaseon iS 
0x0004 ROM_CFG_CS1 ROM configure register for CS1 


0x0014 ROM_SEL_EBD Embedded ROM enable register 
LS a 


Table 392: ROM RISC I/O Register Mapping 
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Register Descriptions 


e ROMCS1 Configure Register (ROM _CFG_CS1) — 0x0004 
ROM_CFG_CS‘1 control the timing and access mode for ROM port CS1 


ee 
6:0 (R/W RWGAP<6:0> 


) ; Read/write interval (RWGAP x Tclk_pci) between each two 
7 (RW) PCI_FIFO_MODE 
) : 


4 


read or two write. 
Set 1’b1 or 1’b0 depending on the ROM device FIFO mode. 
Do not use FIFO when doing PCI_COPY. 

13:8 (R/W) | TACC<5:0> 

15:14 

(RIW TCES<1:0> 


Access time ((TACC+1) x Tclk_pci ) is the active time for 
read/write signals. 
) 

21:16 Read burst access time. For burst read, the access time 

(R/W) TC eeae following the first access time can be smaller. 

23:22 : 

(RW) TDF<1:0> Read/write data hold time. 

24 (R/W) DWORD_ACC 1'bO Enables DWORD access. 

25 (R/W) BURST_READ 1’b0 Enables burst read. 

26 (R/W) BURST_WRITE 1’b0 Enables burst write. 


27 (RIW) | 1'b0 | Must be 0 
28 (R/W BE_ACTIVER 1’b0 Read byte enabled. 
0: Writes to the ROM address will be masked. No writes will 


) 
Enables write. 
1: Writes to the ROM address will be written to the ROM 
29 (R/W) WRITE_EN 
occur on the ROM port. 
Defines the bus width of ROM port. 
00: Bus width is 8 bits. 
a BUS_WIDTH 2'b00 | 01: Bus width is 16 bits. 
10: Reserved 
11: Reserved. 


port. 
Table 393: ROM CS1 Configure Register 


CS active time before read/write signal is active. (TCES+1) 
x Tclk_pci for write, (TCES+2) x Tclk_pci for read 


6 
6 
2 
6 
2 


‘ho 
*bO 
"ho 
"ho 
"ho 
‘ho 

0 


1’b 
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e Embedded ROM Enable Register (ROM_SEL_EBD) — 0x0014 


EC 
oR | ___—~+( [Resend 


15 (R/W) SEL EBD X TEST MODE<3> 0: External ROM 
7 ~ = 1: Embedded ROM 
3116(R) [| | t'h0 


Table 394: Embedded ROM Enable Register 


NAND Flash Controller 


Overview 


The NAND Flash controller provides the most cost-effective solution for the solid-state mass storage 
market, supporting up to 5-cycle address and 8-bit data width bus NAND Flash and SLC/MLC type NAND 
Flash. 


Feature List 


e The NAND Flash can be used as bootloader during start-up, or as a simple storage device. After a 
successful boot-up, the remaining block of NAND Flash can be used for data storage. 


e The NAND Flash controller supports most of current NAND Flash types on market, such as 
512+16bytes/page or 2048+64bytes/page or 4096+128/21 8bytes/page or 8192+436bytes/page, 
which can be configured by SM_PAGE_SIZE register. It also provides an independent memory 
FIFO and aDMA channel for data transfer to/from DRAM. 


e The NAND Flash controller supports five types of data transfer: 
- DMA read data from FIFO 
- DMAwrite data to FIFO 
- RISC read data from FIFO 
- RISC write data to FIFO 
- RISC direct address read data from NAND Flash (like read ROM) 


e In normal read/write mode, RISC writes commands or addresses to the NAND Flash interface to 
start a read/write cycle, data can be exchanged either between the DMA controller and the FIFO 
of the NAND flash interface, or between RISC and the FIFO of the NAND flash interface. 


e Indirect read mode (used when booting from the NAND flash), RISC will send an address to the 
I/O address bus and select a NAND flash simultaneously, then the NAND Flash interface will 
generate a read command and an address sequence to the NAND Flash. When data is ready on 
the I/O data bus, the NAND flash interface will assert a data-ready signal to IOCLK. 


e The NAND flash controller supports 256 bytes or 512 bytes hamming ECC encoded for 8-bit 
NAND flash. Software can use encode to check and correct bit errors. 


e The NAND flash controller supports 2048/4096/8192 bytes BCH ECC encode/decode for the 8bit 
NAND flash. Software can use the function to check and correct up to 12-bit or 24-bit/1024 bytes 
of errors. 


- For 2048+64 bytes, can support correct 12*2 bits error limited. 

- For 4096+128 bytes, can support correct 12*4 bits error limited. 
- For 4096+218 bytes, can support correct 24*4 bits error limited. 
- For 8192+436 bytes, can support correct 24*8 bits error limited. 
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e If the system boots from the NAND flash, then the NAND flash will be mapped to the bottom of the 
system address starting from 0x0000 0000. Usually a bootloader code will be put into block 0 of 


the NAND flash. RISC first executes the bootloader in which it configures the DRAM and initializes 
the hardware, then goes into a loop to copy the system code page by page. 


e Multiple CS enable should be avoided, otherwise it will cause errors and prevent the hardware 
from being protected and recovered. 
Pin Description 


External Pin Descriptions 


The following table shows the pins used in the NAND interface and their functions. The NAND interface 
pins are multiplexed with other devices. 


Default Default a 
SD slot2 bus Decided by . Write enable, active 
SD slot2 bus Same as Output high Read enable, active 
interface above low 
. Same as : Read enable, active 


X_DF_REB 
X_DF_WP_B 


Same as 
SD slot0 interface Output low address latch 
X_DF_CS _B<0 Internal nand bank0 | Decided by | tout nich eae Finan 
> and bank3 boot mode iz 9 iow pine: 
NAND Flash chip 
X_DF_CS aia NAND Flash Output high select pins, active 
low 
Input pull NAND Flash 
SD slot0 data bus Bacdads Low 8-bit NAND 
X_DF_ADj(0] and SD slot2 data SeokaiG a4 Input flash data/address 
bus interface bus signal dO 
SD slot0O data bus : Low 8-bit NAND 
X_DF_AD[1] and SD slot2 data eae hi Input flash data/address 
bus interface bus signal d1 
SD slot0O data bus : Low 8-bit NAND 
X_DF_ADI2] and SD slot2 data ea - Input flash data/address 
bus interface bus signal d2 
X_DF_ADJ[3] SD slot0 databus | Decided by Input Low 8-bit NAND 
= and SD slot2 data _| boot mode flash data/address 
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Default Default aie 
— fbusinerface | bus sia 
X_DF_ADJ[4] 


SD slot0 data bus Low 8-bit NAND 


and SD slot2 data oe Input flash data/address 
: boot mode . 
bus interface bus signal d4 


SD slot0 data bus Decided b Low 8-bit NAND 
X_DF_ADJ[6] and SD slot2 data boatndo ne Input flash data/address 

bus interface bus signal d6 

SD slot0 data bus Decided b Low 8-bit NAND 
X_DF_AD[7] and SD slot2 data poaknio med input flash data/address 

bus interface bus signal d7 


Table 395: NAND External Pin Descriptions 


SD slot0 data bus Decided b Low 8-bit NAND 
X_DF_ADJ[5] and SD slot2 data boat me Pee Input flash data/address 
bus interface bus signal d5 


If the boot mode is NAND boot or Embedded ROM NAND boot, pin X_DF_WE_B and X_DF_CS_B<0> 
do NAND Flash Interface function; if the boot mode is Embedded ROM SD boot, this pin does SD SlotO 
or slot2 bus function. 


For pin X_DF_CS_B<0>, if the boot mode is NAND boot, internal bankO will be selected. If boot mode is 
Embeded NAND boot, internal bank2 will be selecied. 


External NAND CS0/CS1 
e Embed ROM (SLC, MLC NAND) boot mode, nand controller bank2 must connects with external 
nand cs0 pin, then it always be used 


e In NAND direct boot mode, nand controller bankO connects with external nand cs0 pin, then it 
always be used 


e NAND controller bank3 always connects with external nand cs1 pin. 
e NAND controller bank1 didn’t connect with any external pin. 
e Inemmbed ROM (SD) boot mode, external NAND CSO and CS1 cannot be used. 
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Functional Descriptions 


Block Diagram 


A program operation can typically program the 528-byte page in approximately 200us, and an erase 
operation can be performed in typically 2ms on a 16K-byte block. Data in the page can be read out at 
50ns cycle time per byte. The I/O pins serve as ports for address and data input/output as well as 
command inputs. The on-chip write controller automates all program and erase functions including pulse 
repetition (where required), internal verification and margining of data. 


Even write-intensive systems can take advantage of the extended 100K program/erase cycles reliability 
of the NAND Flash by providing two types of error-correction code (ECC) with a real-time map-out 
algorithm. NAND Flash is an optimum solution for large non-volatile storage applications such as solid- 
state storage, digital voice recorder, digital still camera and other portable applications. 


The features are: 


e Lowcost: Compatible cost to memory, no overhead 

e Good reliability: Two types of ECC built into the data format 
- Hamming algorithmic ECC encode 
- BCH code ECC encode/decode 

e High performance: NAND Flash provides the highest speed 
- DMA mode (read/write) 
- W/O mode (read/write) 
- Direct read mode (such as ROM, read-only) 


e Easy interface 
Hamming/BCH ECC 
fifo_ctrl 


Boot/direct 
read mode 


NAND 
signal 


DMA/IO 
mode 


Interrupt 


10 clock/hard reset 
OO 


Figure 58: NAND Block Diagram 
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ECC Data in NAND Format 


There 


are two types of ECC: 


Hamming encode: supports 512+16 bytes /page and 2048+64 bytes/page 


BCH code ECC: supports 2048+64 bytes/page, 4096+128/218 bytes/page and 8192+436 
bytes/page 


When writing ECC result into the spare area of the NAND Flash using hardware ECC, some data format 
used in different page size must be used, such as: 


August, 


For Hammig encode 
- 512 bytes/page 
- 2048 bytes/page 


| =—sti‘<‘ia‘aéi‘a‘(C(esCséCsti‘(‘(‘iraa sl 
a es 


512 bytes for normal data 8 bytes for sect 8 bytes hamming 
information ECC encode result 


Figure 59: 512+16 Bytes/Page with Hamming ECC Data Format 


i = 
a a 


2048 bytes for normal data 32 bytes for sect 32 bytes hamming 
information ECC encode result 


Figure 60: 2048+64 Bytes/Page with Hamming ECC Data Format 


For BCH encode 

- 2048 bytes/page 
- 4096 bytes/page 
- 8192 bytes/page 
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First1 K bytes Second1 K b 
ytes 
data& 21 bytes data& 21 bytes 
BCH ECC result BCH ECC result 


_— 


2048 bytes 


For sect 
information 


For sect information BCHECC fot dword io 
BCH Ecc encode encode result 
result 


Total 56 bytes in spare 


For normal 
data 


2 K+64 byte/ page 


Figure 61: 2048+64 Bytes/Page with 12-bit BCH ECC Data Format 


First1 K bytes data Second! K bytes Third1 K bytes Fourth1 K bytes 
&21 bytes BCH data& 21 bytes data& 21 bytes data& 21 bytes 
ECC result BCH ECC result ~~ BCH ECC result BCH ECC result 


4 bytes ott bytes 
For sect information BCH ECC 
BCH Ecc encode encode result 
result 


Total 96 bytes in spar 


4096 bytes 8 bytes 


For sect 
information 


For normal 
data 


4K+128 byte / page 


Figure 62: 4096+128 Bytes/Page with 12-bit BCH ECC Data Format 
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First! K bytes data Secondi K bytes Third1 K bytes Fourth1 K bytes 
&21 bytes BCH data& 42 bytes data& 42 bytes data& 42 bytes 
EC BCH ECC result BCHECCresult | BCH ECC result 


4096 bytes 


For sect information BCH ECC 
BCH Ecc encode encode result 
result 


Total 180 bytes in 


information 


For normal 
data 


4K+218 byte/page 


Figure 63: 4096+218 Bytes/Page with 24-bit BCH ECC Data Format 


First1 K bytes Fourth1 K bytes Eighth1 K bytes 
data& 42 bytes tone data& 42 bytes a data& 42 bytes 
BCH ECC result BCH ECC result BCH ECC result 


eT Ta ff of ef of a of — 
42* 8 bytes 


BCH ECC 
4 bytes encode result 
For sect information 
BCH ECC encode 


8192 bytes 
8 byte 


For sect 
information 


For normal 
data 


result 
Total 348 bytes in spare area 


8K+ 436 byte /page 


Figure 64: 8192+436 Bytes/Page with 24-Bit BCH ECC Data Format 
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Functional Timing 
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X_DF_ALE a es NN 2 a 
I | | . | | 
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oe OY a oo 
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Figure 65: Command and Address Timing Diagram 
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Figure 66: Read Data Timing Diagram 
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. : ‘i 


Tos 5p Tos 2 Tos Tou Tos ! 
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Figure 67: Write Data Timing Diagram 


Timing Value /O CLK Number 
eas = SM_WAIT poser ge 


— 
 : 
Tran ROWE 
Trax ROW 
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ioe wart 
eC 
Tre idROPUSE 
Tras ROWE 
[tne 


Table 396: Read Data Timing Values 
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Register Definitions 


Register Address Mapping 


Base Address 


Access Type Address Mapping 


The NAND controller internal register base address 0x80070000 


Table 397: NAND Interface Address Mapping 


Register Mapping 


RISC Address py. 
Register Description 
<11:0> 


High bytes of address to the NAND 
flash (needed only by the NAND flash 

oe SMEnISE DPR with more than 256 MB of memory 
size) 


August, 2010 SiRF Datasheet — Proprietary and Confidential 309 


Sf SiRFatlasV 


pe ees AT551 Datasheet 


RISC Address : er 
Register Description 
<11:0> 


SM_ECC_AREA8 Hardware ECC result store register 
SM_WP_EN NAND flash read-only zone index 


0x54 SM_WP_CS NAND flash read-only zone chip 
enable 


a 
a 0 


0x60~0x7C SM_WP_START_ADDRO~7 Read-only page start address value 
0x80~0x9C SM_WP_END_ADDRO~7 Read-only page end address value 


0x100 SM_ECC_ERR_STATUSO Indicates no errors or has no errors to 

indicate 

Indicates error number for the first to 
0x104 SM_ECC_ERR_NUMSO fourth 1Kbyte 

Indicates error number for the fifth to 
0x108 SM_ECC_ERR_NUMS1 eighth 1Kbyte 
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RISC Address bas 
Register Description 
<11:0> 
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RISC Address : bas 
Register Description 
<11:0> 
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RISC Address : ae 
Register Description 
<11:0> 


0x260 SM_FOURTH_ERR_INDEX12 Fourth bank error index12 
0x264 SM_FOURTH_ERR_INDEX13 Fourth bank error index13 
0x268 SM_FOURTH_ERR_INDEX14 Fourth bank error index14 
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RISC Address : ae 
Register Description 
<11:0> 
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RISC Address : bas 
Register Description 
<11:0> 
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RISC Address : boas 
Register Description 
<11:0> 
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RISC Address : as 
Register Description 
<11:0> 
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RISC Address : er 
Register Description 
<11:0> 
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RISC Address : er 
Register Description 
<11:0> 
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Reserved 


SECT_BCH_ECC_AREA Sector info BCH encode result 
storage 
Ox704 SECT _ECC_ERR FLAG a infor BCH ECC error number 


Ce 


Table 398: NAND Flash Interface Register Mapping 


0x70C~OxEFC 


Register Descriptions 
e BOOT_MODE_ALL - 0x00 


[Bt [wine ——‘[touk [Deserion 
Different boot modes will render different values. 

feR) f= | tht | This bit must be 1. 

fer [=a Reson 


Table 399: Boot Mode Status Register 


e = SM_WAIT - 0x04 


Refer to the timing request in product datasheet to set the proper value. Value >= timing request 
(ns) / iocik (ns) 


[si [ine [Bett [oesoipion 
4’b0001 


RD_PULSE The low pulse width of NAND Flash read signal (tRP) 
0: One IOCLK 
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ne 
1: Two IOCLK 
NOTE: Set it to (fix value+1) for margin. 


The low pulse width of write signal of NAND flash (tWP) 
WT_PULSE 
7:4 (RW) 4’b0001 0: One IOCLK 
1: Two IOCLK 
The width between WE high to Busy (iWB) 
15:8 . 
(RW) WAIT 8’b1100 | 0: One IOCLK 
1: Two IOCLK 


The write or read signal high hold time 

tWH) or (tREH) these are the same register: 
bate RD_WT_HI 4’b0000 ( va ) g 
(R/W) 0: One IOCLK 

1: Two IOCLK 


Write protect pin set, 
31 (RW) WRITE_PROTEC 0: Output 0, protect ,cannot write 
TB 1: No output, write enable 
Read back is outside pin status, not register value. 


Table 400: SM_WAIT Register 


e SM_BANK_SEL-0x08 


Select NAND flash bank. 

Hardware does not protect this case. 

Set the bit to 0 will enable the corresponding NAND flash 
Set the bit to 1 will disable the corresponding NAND flash 


Cannot enable multi_cs active at any time. This will cause 
errors. 


3:0 (R/W) | BANK_SEL<3:0> | 4’b1110 For direct read the base address will be the following: 


bank 0: 0x10000000 


bank 1: 0x14000000 
bank 2: 0x18000000 
bank 3: 0x1c000000 


Set this register must follow the External NAND CSO, CS1 
Descriptions 4 rules. 


Table 401: SM_BANK_SEL Register 
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e SM_ADD_NUM- 0x0C 


[be [hene [wnat [Deseepion 


Number of address bytes 
0000: 0 bytes address 
3:0 (R/W) | ADD_MODE<3:0> | 4’b0101 0001: 1 bytes address 
0101: 5 bytes address 
1000: 8 bytes address 


Table 402: SM_ADD_NUM Register 


e SM_CMD- 0x10 


Write this register will start FSM (Finite State Machine). If there is no second command, then 
bit[15:8] must be 8’h0, or it will cause the FSM to run into the wrong state. 


CC 
7:0 (RW) | CMD<7:0> Command to the NAND flash 


Second command to write to the NAND flash (used in the 
15:8 (R/W) | CMD2<7:0> | 8’hO “command---address---command” format), this is to reduce delay 
time 


Table 403: SM_CMD Register 


e SM_LOW_ADDR - 0x14 


[et [Name [Deft [Bescon 
31:0 (R/W) LO_ADD<31:0> | 32’h0 Start address to NAND flash, 4 bytes. 


Table 404: SM_LOW_ADDR Register 


e SM HIGH _ADDR- 0x18 


Ware __[Defaute_ [Description 


31:0 (RW) | HI_ADD<31:0> Start address to NAND flash, the fifth to eighth bytes. 


Table 405: SM_HIGH_ADDR Register 
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e SM _PAGE_SIZE -0x1C 
The PAGE_SIZE register default value is 528 bytes. 


[ai [Nae [taut [oessrnion 


528 bytes per page, it is used during DMA transfer. If auto 

hardware ECC decode is needed, the value must include 
15:0 (R/W) | PAGE_SIZE 167210 | the spare area. 

This value must be DWORD-aligned. 


Table 406: SM_PAGE_ SIZE Register 


e SM_INT_EN - 0x20 


This is an interrupt mask register. Default value is 0x00, sei the bit to 1 will enable the interrupt, 
but the corresponding bit in INT_STATUS REG will be set regardless of whether or not the 


interrupt is enabled. 


[Default | 
= 


SECT ECC decode complete interrupt enable 


SECT ECC DEC 
8 (RW) OVER EN 


Table 407: SM_INT_EN Register 
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e SM_INT_STATUS - 0x24 


When an interrupt occurs, set the bit to 1 (even when the interrupt enable register bit is not 
enabled). Write 1’b1 will clear the interrupt bit. 


[bt [Rone [Beeut[Deseipion 
A ES 


Ea a 


Table 408: SM_INT_STATUS Register 


e SM_CTRL - 0x28 
This register is used to control the NAND Flash. 


a 1 will enable I/O directly read NAND flash 
0 (R/W) | Direct read 
Set 0 will disable direct read 
Set 0 will enable the 8-bit NAND flash 
1 (R/W) | Data width 
Set 1 not support. Must not set 1; 
oe 


ieee PagR Use with bit5 to choose page size in direct read 


Use with bit3 to choose page size in direct read: 
Set {sel1,sel0} 00: 512page size 

Set {sel1,sel0} 01:2k page size 

Set {sel1,sel0} 10: 4k page size 


Set 1 will enable hardware write ECC auto, in this case, DMA io 

write length must be equal to the page size, including the spare 
4 (RW) | Auto write ECC area (for example, (512+16),(2048+64)) 

Set 0 to disable 


NAND page 
oN) selt 
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Description 


Only used in direct read mode 
6 (R/W) | READ_SPARE | 1’b0 Set 1 to continue to read the spare area; 
Clear this page to read the next pate. 


Table 409: SM_CTRL Register 


e SM_ECC_SET-0x2C 


Hardware only supports one-page ECC generation, before using, software must reset ECC to 
clear ECC store registers. 


SiRFatlasV supports only one type of auto write ECC (auto encode). When enable hardware write 
ECC auto (SM_CTRL bit4), ECC encode auto write into nand flash spear area. When 
program one-page with auto write ECC, input data (program NAND) will be written firstly,and 
then followed by the encode ECC result. 

SiRFatlasV supports only two types of read data with auto hard BCH ECC (decode): 


- If the 2-BCH (date_bch and sector_bch) module is enabled, then it will read the full page 
(including spare area) from addressO to page end. 


— lf only SECT BCH ECC module is enabled, then it will only read the spare area from spare 
area address 0 to page end 


NOTE — Other multi-time page write (program) is not supported in MLC NAND flash and by BCH ECC. 


[Default |Description 
4’b0 Set 1: Enable hamming hardware ECC. 
Set 0: Bypass ECC. 
1’b0 Set 1 to reset the ECC register of the Hamming 
hardware. 
1’b1 For 8-bit NAND flash: Set 1 to enable 256-byte 
ECC, Set 0 to enable 512-byte ECC. 
Set 0: 12-bit ECC per 1Kbyte. 
3(R/W) | BCH_ECC_mode_sel 1'b0 Sue i 
Set 1: 24-bit ECC per 1Kbyte. 
4 (RW) data_BCH_ECC_enable Set 1 to enable data hardware BCH ECC. 
5 (RW) data_BCH_ECC_reset Set 1 to reset BCH hardware ECC register. 


2048/4096/8192 bytes BCH ECC select: 
7:6 (R/W) | 2k_4k_8k_page 2’b00 2’b00: 2048 bytes ECC 
2’b01: 4096 bytes ECC 
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8 (R/W) sector BCH _ECC_enable 


| 2’b10: 8192 bytes ECC 
: Set 1 to enable Sector information hardware BCH 
1’b0 
ECC. 
9 (RW) sector BCH ECC reset 1’b0 Set 1 to reset Sector information BCH hardware 

ECC register. 

0: Decode when full page data are read 

1’b0 


10 (RW) | sector_read_only 1: Decode if only the sector information is read. 


It will be enabled when the software only reads 
from the spare area. 


Table 410: SM_ECC_SET Register 


e SM_ECC_AREA1~8 - 0x30~0x4c 


- For 8-bit 512+16-Byte page size, if it is set to enable 256-byte ECC, then register 1 will store 
the first half page of ECC, register 2 on the other hand, stores the second half page of ECC, 
other registers are not used. 


- For 8-bit 2048+64-Byte page size, if it’s set to enable 256-byte ECC, then register 1~8 will 
store ECC. 


32:0 (R) ECC_AREA(x) | 32’h0 The hardware ECC result store register. 


Table 411: SM_ECC_AREA Register 


e SM_WP_EN - 0x50 


This register is used to enable the read-only zone of the NAND Flash. Bit [15:0] is used to enable 
which zone, the block start address stored in register SM_WP_START_ADDRO~7 are read-only. 
A total of 8 zones can be sei to read-only for all NAND Flash chips. If all 8 zones are set to read- 
only in chip 0, other chips cannot set read-only zones. 


[ei [Nene [Puiauk [oescipion SS 


The read-only zone enable, 1 bit for each zone 
bit[7] zone 7 
bit[6] zone 6 
7:0 (R(W) | ZONE_EN | 8’h0 
bit[1] zone 1 
bit[O] zone O 


Table 412: SM_WP_EN Register 
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e SM_WP_CS-0x54 


[bt [None [bwtut [Duscipion 


Each 2 bits represent the chip number value of zone 0 to zone 7: 
CHIP_SET =0, chip 0 
CHIP_SET =1, chip1 
CHIP_SET =2, chip 2 
CHIP_SET =3, chip3 
15:0 (R/W) | CHIP_SET | 15’hO 
bit[15:14] zone 7 
bit[13:12] zone 6 
bit[7:6] zone 3 
bit[1:0] zone 0 


Table 413: SM_WP_CS Register 


e SM_WP_START_ADDRO~7 - 0x60~0X7C 
This register is used to store the start address value of the read-only block. 


[be [vane —[eeak—[esernton 


31:0 (R/W) START_ADDR_VAL | 32’hFFFFFFFF | The read-only block start address 


Table 414: SM_WP_START_ADDR Register 


e SM_WP_END_ADDRO~7 - 0x80~0X9C 
This register is used to store the end address value of the read-only page. 


[st _[Rome [eta [Deseipion 


31:0 (R/W) | END_ADDR_VAL | 32’>hFFFFFFFF | The read-only block end address 


Table 415: SM_WP_END_ADDR Register 


e SM_ECC_ERR_STATUSO - 0x100 


[ei [Rowe [Betaut [Besetnion 


When ECC decoding is completed, error flag interrupt will be 
indicated as follows: 
0 (R) ECC_ERR_FLAG | 1‘b0 
0: No errors 
1: There are errors, SM_ECC_ERR_INDEX needs to be 
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Description 
checked, then the error flag will be read 


1: At least one bank data failed (errors are more than 12/24 
bits) and there is not correctable in all bank data. Setting 
BCH_ECC _reset will clear this bit. 


If the ECC_ERR_FLAG is 1’b1, then this bit will be disabled. 


1 (R) ECC_FAIL_FLAG 


Reserved. 


1: There are errors (< 12/24 bits) in the first 1K bytes after 
decoding. 


8 (R) ECC_ERRO SM_ECC_ERR_NUMS is used to find detail error numbers 


10(R) | ECC_ERR2 


in the 1Kbyte. 
0: There are no errors. 


1: There are errors in the second 1Kbytes (< 12/24 bits). 
0: There are no errors. 


1: There are errors in the third 1Kbytes (< 12/24 bits), ECC 
decode needs to be checked. 


0: There are no errors. 


1: There are errors in the fourth 1Kbytes (< 12/24 bits), ECC 
decode needs to be checked. 


0: There are no errors. 


16(R) | ECC_FAILO 
0: Block 0 ECC does not fail. 
Block 1 ECC fail signal 
17(R) | ECC_FAIL1 
1: There are more than 12/24bits errors in the 2nd 1K bytes. 
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1: There are errors in the fifth 1K bytes (< 12/24 bits), ECC 
decode needs to be checked. 


0: There are no errors. 

1: There are errors in the sixth 1K bytes (< 12/24 bits), ECC 
decode needs to be checked. 

0: There are no errors. 

1: There are errors in the seventh 1K bytes (< 12/24 bits), 
ECC decode needs to be checked. 

0: There are no errors. 

1: There are errors in the eighth 1K bytes (< 12/24 bits), ECC 
decode needs to be checked. 

0: There are no errors. 


Block 0 ECC fail signal 
1: There are more than 12/24 bits errors in the 1st 1K bytes. 


Sf SiRFatlasV 
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ine 
Po 0: Block1 ECC does not fail. 
ECC FAIL2 


Block 2 ECC fail signal 
ECC_FAIL3 


1: There are more than 12/24bits errors in the 3rd 1K bytes. 
0: Block 2 ECC does not fail. 


Block 3 ECC fail signal 
1: There are more than 12/24bits errors in the 4th 1K bytes 
0: Block 3 ECC does not fail. 


Block 5 ECC fail signal 
1: There are more than 12/24 bits errors in the 6th 1K bytes. 
0: Block 5 ECC does not fail. 


21 (R) | ECC_FAILS 
ECC_FAIL6 


ECC_FAIL7 


Block 6 ECC fail signal 
1: There are more than 12/24 bits errors in the 7th 1K bytes. 
0: Block 6 ECC does not fail. 


Block 7 ECC fail signal 
1: There are more than 12/24 bits errors in the first 1K bytes. 
0: Block 7 ECC does not fail. 


Table 416: SM_ECC_ERR_STATUSO Register 


Block 4 ECC fail signal 
ECC_FAIL4 1’b0 1: There are more than 12/24 bits errors in the 5th 1K bytes. 
0: Block 4 ECC does not fail. 


e SM _ECC_ERR_NUMSO - 0x104 


Ea 


23:16 (R) | ERROR2_BIT_NUM 
31:24 (R) | ERROR3_BIT_NUM 


Table 417: SM_ECC_ERR_NUMS0O Register 


Number of error bits in the 3rd 1Kbytes 
Number of error bits in the 4th 1K bytes 
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e SM _ECC_ERR_NUMS1 - 0x108 


7:0 (R) ERROR4_BIT_NUM 


Number of error bits in the 5th 1K bytes 


Number of error bits in the 7th 1Kbytes 


23:16 (R ERROR6_BIT_ NUM 
: Number of error bits in the 8th 1K bytes 


) 
31:24 (R) | ERROR7_BIT_NUM 


Table 418: SM_ECC_ERR_NUMS1 Register 


a 


e SM_FIRST_ERR_INDEX(0~23) - 0x110~0x16C 
Indicate the addresses of errors in the first 1Kbyte. 


[Bi [Wone [Beta [Desorption 


Correct bit address in a byte: 
0: bitd 
(2:0) (R) CORR_BIT_ADD 3’b0 o_O 
2: bit2 
7: bit7 
Correct byte address in a page: 
0: byted 
13:3 (R) CORR_BYTE_ADD 171’b0 3: byte 3 
1023: byte 1023 


Table 419: SM_FIRST_ERR_INDEX Register 


e SM (i) ERR_INDEX(0~23) - 0x170~0x40C 
| = Second, third, fourth, fifth, sixth, seventh, eighth 


Correct bit address in a byte: 
0: bitO 

(2:0) (R) CORR_BIT_ADD 3’b0 
2: bit2 
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Correct byte address in a page: 
0: byted 

13:3 (R) CORR_BYTE_ADD 11’b0 3: byte 3 
1023: byte 1023 


Table 420: SM_(i)_ERR_INDEX Register 


e SM_2K_ECC_AREA(0~20) -0x510~0x560 
The first, second 1K bytes of the ECC code, total of 21 DWORD. 


31:0 (R) BCH _ECC_AREA(x) | 32’h0 Cr roger result store register of the BCH Hardware for 


Table 421: SM_2K_ECC_AREA(0~20) Register 


e SM _4K_ECC_AREA(21~41) -0x564~0x5B4 
The third, fourth 1K bytes of the ECC code, total of 42 DWORD including SM_2K_ECC_AREA. 


The ECC result store register of the BCH Hardware 
BCH_ECC_AREA(x) ; 32’h0 continues for 4K page including SM_2K_ECC_AREA 


(0~20) 


Table 422: SM_4K_ECC_AREA(21~41) Register 


e SM _8K_ECC_AREA(42~83) -0x5B8~0x65C 


The fifth, sixth, seventh and eighth 1K bytes of the ECC code, a total of 84 DWORD including 
SM_2K_ECC_AREA and SM_4K_ECC_AREA. 


[s__ [Nene [otek [oessrnton 


The ECC result store register of the BCH Hardware 


BCH_ECC_AREA\(x) ; continues for 8K page including SM_2K_ECC_AREA 
and SM_4K_ECC_AREA (0~41) 


Table 423: SM_8K_ECC_AREA(42~83) Register 
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e SM_SECT_ECC_AREA -0X700 
The sector info 4 bytes ECC code. 


31:0 (R) | SECT_BCH_ECC_AREA | 32’h0 BCH Hard ware ECC result store register 


Table 424: SM_SECT_ECC_AREA Register 


e SM _SECT_ECC_FLAG -0X704 


1: The sector information area contains errors 
(including 4-bit errors). 


Set sector BCH _ECC_reset will clear the bit. 


SECT_ERR_FLAG 
1: The sector information error correct failed (more 
1(R) SECT_ERR_FAULT 1’b0 than 4 bits). 
Set sector_BCH_ECC_reset will clear the bit. 
Number bits of errors. 
1: One bit error 
i SECT_ERR_BIT 3’b0 2: Two bit errors 
3: Third bit errors 


4: Four bit errors 


Table 425: SM_SECT_ECC_FLAG Register 


e SM SECT_ECC_ERR_INDEX-0X708 


Description 


Correct the first bit address in a byte+byte address in a total of 12 
SECT_ERR‘ bytes. 


INDEX : ; 
= Fh add[6:3]+bit add[2:0] next is the same. 


14:8 (R) SECT_ERR2 ese the second bit address in a byte+byte address in a total of 
_ INDEX 12 el 


22:16 (R) SECT_ERR3 1’b0 ee the third bit address in a byte a byte+byte address in a 
; _INDEX total of 12 bytes. 
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Correct the fourth bit address in a byte a byte+byte address in a 
total of 12 bytes. 


Reserved. 


Table 426: SM_SECT_ECC_ERR_INDEX Register 


e SM_DMA 10 CTRL -O0xFO00 


fet [éame | 
0 (R/W) IO_DMA_SEL | 1’b1 1 for I/O mode, 0 for DMA mode 


1: Read from peripheral. 
1 (RW) IO _DMA_RW | 1’b1 

0: Write to periphera!. 

Flushes the DMA receive FIFO in case data_length set on 
2 (R/W) DMA_FLUSH | 1’b0 the peripheral side does not match the DWORD size set in 

DMA control. 

1: Big endian write/read. 
3 (R/W) RW_ENDIAN | 1’b0 ; ; ; 

0: Little endian write/read. 

1: Writes the command and the address to the NAND Flash 
ee) MOLE EWE but not data. 


Table 427: SM_DMA_IO_CTRL Register 


e SM_DMA_IO_LEN — OxF04 
The smallest data size is DWORD, i.e. bit1 and bit 0 of this register will be ignored. 


: ; The byte length of a DMA or an I/O transfer. If it is set to 0, the 
15:0 (RAW): | DATO ESR |) 16:0 I/O or DMA transfer will work continuously until it is stopped. 


Table 428: SM_DMA_IO_LEN Register 


e SM_FIFO CTRL - OxF08 


In read mode when FIFO_STATUS_REG [5:2]>=FIFO_CTRL_REG [7:4], then it will cause an 
interrupt. However in write mode _ interrupts occur when FIFO STATUS REG 
[5:2]<=FIFO_CTRL_REG [7:4]. 
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[ak [nove [ot sein 
1:0 (RW) | FIFO_WIDTH 2'b00 


reaches the threshold. 


Table 429: SM_FIFO_CTRL Register 


A threshold in byte that triggers an interrupt. 
7:2 (RW) | FIFO_LTHRESHOLD | 6’hO An interrupt is triggered when data count in the FIFO 


e SM_FIFO_LEVEL_CHK - OxFOC 


|Name Default Description 


FIFO stop check in DWORD length 


Reserved 


FIFO low check in DWORD length 
|.  feno Reserved 

sa 
SC 


Table 430: SM_FIFO_LEVEL_CHK Register 


e SM_FIFO_OP -0xF10 


[et [Name [Befaut [oescrpton 
0 (R/W) | FIFO_START It starts the read/write transfer when this bit is declared. 


Set to 1 to stop the FIFO and reset the FIFO internal status, 
1(R/W) | FIFO_RESET } 1’b0 including its relevant interrupt status. 
Set to 0 in normal operations. 


Table 431: SM_FIFO_OP Register 
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e SM_FIFO_STATUS - OxF14 


5:0(R) | FIFO_LEVEL 


The byte count of the valid data in the FIFO. 


In case FIFO is full, the value of this register is 0, thus 
FIFO_FULL bit must be concatenated with this value in order to 
determine the actual data count in the FIFO. 


= FIFO full status. 


6 (R) FIFO_FULL The FIFO is full when read out as 1. This bit is concatenated 


with FIFO_LEVEL to the actual FIFO data count. 


FIFO empty status. 
(FIFO_FULL or FIFO_LEVEL) == 


a a 


Table 432: SM_FIFO_STATUS Register 


7 (R) FIFO_EMPTY 


e SM_FIFO_DATA- 0xF18 


[bt [Wome [beaut [Bescon 


32:0 (R) FIFO_DATA 32’hO The FIFO read/write data register 


Table 433: SM_FIFO_DATA Register 


SD/MMC/MMC+ 


Overview 


The SiRFatlasV SD/SDIO/MMC4+ Host Controller is a host controller with a 32-bit internal PCI bus 
interface. This module conforms to the SD Host Controller Standard Specification Draft Version 1.0 and 
supports SD memory cards, MMC Plus, MMC Mobile cards, and SDIO cards. 


Feature List 


e Meets SD Host Controller Standard Specification Draft Version 1.0 
e Meets SDIO Card Specification Version 1.0. 


e Meets SD Memory Card Security Specification version 2.0 and compatible to new SDv2.1 
standard 


e Meets MMC Specification Version 3.31, 4.0, and 4.2 and compatible to new MMC4.3 and 4.4 
siandard 


e Works simultaneously between two slots 

e Supports MMC Plus and MMC Mobile media 

e Provides host clock rate between 0 and 50 MHz 
e Supports 1-bit and 4-bit SD modes 
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Supports 1-bit, 4-bit, and 8-bit MMC modes 
Supports both DMA and Non-DMA operating modes 
Supports 4 slots, each can work independently (excluding slotO and slot2 share with 8-bit data bus) 


- SlotO supports 1-bit, 4-bit, and 8-bit modes (8-bit data bus shares with slot2, and NAND flash 
interface ) 


-  Slot1 supports 1-bit and 4-bit modes 


- $Slot2 supports 1-bit, 4-bit, and 8-bit modes (8-bit data bus shares with slot0, and NAND flash 
interface) 


—  Slot3 supports 1-bit and 4-bit modes 


Internal Feature List 


Interrupt controller 
The SD/SDIO host controller generates interrupt to the RISC. 


SDIO/SD host controller 
The SDIO/SD Host Controller is comprised of: 


- Ahost interface 

- SD/SDIO controller registers 

-— Abus monitor 

- Aclock generator 

- ACRC generator 

- Achecker (CRC7 and CRC16). 

The SD/SDIO controller registers are programmed by the host driver. Interrupts are generated to 
the host based on the values set in the Interrupt Status Enable (SD_INT_STA_ENA) and Interrupt 
Signal Enable registers (SD_INT_SIG_EN). The bus monitor checks for violations that occur in the 
SD bus and timeout conditions. The clock generator generates the SD clock based on the value 
programmed by the host driver in the Host Control Register (SD_CLK_TIMEOUT_SRST_CTRL). 
The CRC7 and CRC16 generators calculate the CRC for command and data respectively for 
sending the CRC to the SD/SDIO card. The CRC7 and CRC16 checkers check for any CRC 
errors in the Response and Data register sent by the SD/ SDIO card. 


DATA FIFO 


The SD/SDIO Host Controller uses two 512-byte dual-port RAMs for performing data transactions 
(One for read transactions and one for write transactions). Each slot requires two 512-byte buffers. 
If the host controller cannot accept data coming from the SD card, it should stop the clock in order 
to prevent data coming from the card. This is why the block length can only be set to 512 bytes. 


DAT[O-7] control logic 


The DAT[0-7} control logic block transmits data through the data line during the write transaction 
and during read transaction in which data is being received through the data line. The interrupt 
generated from the SD/SDIO card is detected. 


Command control logic 


The command control logic block sends the command using the command line and receives 
responses from an SD/SDIO card. 


Power control 
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The SD/SDIO host controller supplies the SD bus power based on the value programmed in the 
power control register. The PCI Host Driver is responsible for turning on and off the SD bus power 
supply according to the card OCR. If the SD bus power is set to 1 in the Power Control Register, 
then the host controller should supply power to the card. 


Pin Description 


External Pin Descriptions 


The following table lists the pins used in the SD interface and their functions. The SD interface pins are 
multiplexed with other devices. 


Default ere 
. SD_slotO card 
NADN Flash decided by = 
X_DF_WP_B Output interface boat mode: Output low power supply 
control 
NADN Flash decided by SD_slot0 bus 
Bi- NADN Flash decided by SD_slotO bus 
; NADN Flash 
Bi- decided by SD_slot0 bus 
ee directional intetace and oe boot mode input data signal dO 
slot2 data bus 
; NADN Flash 
ADE Social Interface aQQS? oa me aa 
slot2 data bus g 
, NADN Flash 
ADF OE ee nieNac ands? nen input ae 
slot2 data bus g 


: NADN Flash . 
ASOT 2 rite, nal pees anece eee! ie ond 
. slot2 data bus g 
. NADN Flash . 
ee Recital iMetace and aD paeetet te ie 
slot2 data bus g 
: NADN Flash : 
X_DF_ADJé] see Interface and sp | Cecided by SD_slot0 bus 
directional boot mode data signal d6 
slot2 data bus 
Bi- NADN Flash decided by SD_slot0 bus 
Re AM Interface and SD _ | boot mode data signal d7 


2 In SD slot0O slot2 bus, if the boot mode select to Embedded ROM SD BOOT, this pin will be select SD SlotO bus Function. If the 
boot mode select to.NAND Boot or Embedded ROM Nand Boot , this pin is selected to NAND Flash Interface function. 


NADN Flash 
Bi- decided by SD_slotO bus 
ADE AOI directional Yelk eure oe boot mode data signal d3 
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X_SD_CLK_1 
X_SD_CMD_1 
X_SD_DAT_1[0] 


X_DF_AD[1] 


GPIO Group1[7] 
GPIO Group1[8] 


GPIO Group1[9] 


directional GPIO Group1[10] 


directional GPIO Group1[11] 


Bi- 


diracticnal GPIO Group1[12] 


Bi- 


directional GPIO Group1[13] 


Bi- 
directional GPIO Group1[14] 


Bi- 
directional 


NADN Flash 
Bi- NADN Flash 
Interface 


directional 

NADN Flash 
Interface and SD 
slot0 data bus 


GPIO Group1[15] 


Bi- 
directional 


NADN Flash 
Interface and SD 
slot0 data bus 


Bi- 
directional 


Default 
Function 


GPIO 


decided by 
boot mode 


decided by 
boot mode 


decided by 
boot mode 


decided by 
boot mode 


Default Status 


Input, pull-up 
(pull function 
only for GPIO) 


Input, pull- 
down (pull 
function only 
for GPIO) 


Input, pull-up 
(pull function 
only for GPIO) 


Input, pull-up 
(pull function 
only for GPIO) 


Input, pull-up 
(pull function 
only for GPIO) 


Input, pull-up 
(pull function 
only for GPIO) 


Input, pull-up 
(pull function 
only for GPIO) 


Input, pull-up 
(pull function 
only for GPIO) 


Input, pull-up 
(pull function 
only for GPIO) 


SiRFatlasV 
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Description 


SD_siot1 card 


detected pin 


SD_slot1 card 
power supply 
control 


SD_slot1 card 
write detected 
pin 


SD_slot1 bus 
clock 


SD_slot1 bus 


command signal 


SD_slot1 bus 
data signal dO 


SD_slot1 bus 
data signal d1 


SD_slot1 bus 
data signal d2 


SD_slot1 bus 
data signal d3 


SD_slot2 bus 
data signal dO 


SD_slot2 bus 
data signal d1 


3 InSD slotO,slot2 data[7:0] ,if the boot mode select by Embedded ROM SD BOOT, this pin will be select SD SlotO bus Function not 
SD slot2 function. if you need select to SD slot2 function, software need set the rRSC_PIN_MUxX register in chip. 


August, 2010 SiRF Datasheet — Proprietary and Confidential 338 


SiRFatlasV 
pe es AT551 Datasheet 


Default Hee 


Bi- 
Peele) directional 
X_DF_ADJ3] a 

directional 


Bi- 
ADF AO directional 
X_DF_AD[5] Be 
Sar directional 
X_DF_ADJ6] BE 
aS directional 
X_DF_ADI7] a 
oe directional 
X SD CLK 3 ee 
= im directional 
X_SD_CMD 3 BE 
aa = directional 
X_SD_DAT 3/0) | BE 
== = directional 
X_SD_DAT 3[4] | BE 
i = directional 
X_SD_DAT 3[2] | BE 
ye a directional 
X_SD_DAT_3[3] = 
=e = directional 


NADN Flash 
Interface and SD 
slot0 data bus 


NADN Flash 
Interface and SD 
slot0 data bus 


NADN Flash 
Interface and SD 
slot0 data bus 


NADN Flash 
Interface and SD 
slot0 data bus 


NADN Flash 
Interface and SD 
slot0 data bus 


NADN Flash 
Interface and SD 
slot0 data bus 


GPIO Group 1[2] 


GPIO Group1[3] 


spi_en_0 and 
GPiO Group 1[28] 


spi_clk_0O and 
GPIO Group 1[29] 


spi_din_0O and 
GPIO Group1[0] 


spi_dout_0 and 
GPIO Group1[1] 


Table 434: SDIO External Pin Description 
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decided by 
boot mode 


decided by 
boot mode 


decided by 
boot mode 


decided by 
boot mode 
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Input, pull-up 
(pull function 
only for GPIO) 


Input, pull-up 
(pull function 
only for GPIO) 


Input, pull-up 
(pull function 
only for GPIO) 


Input, pull-up 
(pull function 
only for GPIO) 


Input, pull-up 
(pull function 
only for GPIO) 


Input, pull-up 
(pull function 
only for GPIO) 


SD_slot2 bus 
data signal d2 


SD_slot2 bus 
data signal d3 


SD_slot2 bus 
data signal d4 


SD_slot2 bus 
data signal d5 


SD_slot2 bus 
data signal d6 


SD_slot2 bus 
data signal d7 


SD_slot3 bus 
clock 


SD_slot3 bus 
command signal 


SD_slot3 bus 
data signal dO 


SD_slot3 bus 
data signal d1 


SD_slot3 bus 
data signal d2 


SD_slot3 bus 
data signal d3 
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Functional Descriptions 


Block Diagram 


The SiRFatlasV SD/SDIO/MMC4+ Host Controller handles SDIO/SD Protocol at the transmit level. It 
packs data, adds Cyclic Redundancy Check (CRC), starts or terminates bits, and checks for the 
correctness of the transaction format. The SD Mode wide bus width is also supported. 


The SiRFatlasV SD/SDIO/MMC4+ Host Controller provides both programmed I/O and DMA data transfer 
methods. In the programmed I/O, the RISC transfer data uses the Buffer Data Port Register. The host 
controller support for DMA can be determined by checking the DMA support in the Capabilities register. 
The DMA allows a peripheral to read or write memory without CPU intervention. The system address 
register points to the first data address, then the data will be accessed sequeniially from that address. 


This module conforms to SDIO Specification and SD memory card physical layer specifications. 


Power consumption for the system can be maintained to the minimum using gated clock control. 


Data [7:0] 
control logic 


SDIO/SD 
host 
controller 


Internal txfif and 


PCI rxfifo 
PCI 
master 
Data [7:0] 


Interrupt SDIO/SD_ | Control logic 
generator | host 
controller Cmd 


SDIO/SD 
card 


Cmd 
control logic 


Interrupt 


SDIO/SD 
controller 


card 


control logic 


Figure 68: SD Host Block Diagram 


Register Definitions 
Register Address Mapping 


Base Address 


Address Mapping 
0x5600_0000 


0x5610_0000 
0x5620_0000 
0x5630_0000 
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Access Type Address Mapping 


SD_PCI_CONFIGE_BASE01 0x5770_0000 
SD_PCI_CONFIGE_BASE23 0x57 80_0000 


Table 435: SD Interface Address Mapping 


Register Mapping 


RISC Address 
Register Default | Description 
<11:0> 
15:8 ; The SD master handles the PCI bus maximum 
age (R/W) ee POLE TE clock after getting a grant (test only). 


Table 436: SD_PCIl_CONFIGE_REG 


NOTE — Ox00FC (SD_SLOT_INT_STAUTS) is the same register in both slot0/slot1 and slot2/slot3. All 
registers access of the SD host controller by RISC is memory access. 


RISC Address : ner 
Register Description 
<11:0> 


SD AUTO CMD12 ERR STA Se aaa command 12 error status 
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SD_CAPABILITY_REG SD host capabilities register 
a 
SD_MAX_CUR_CAPABILITY Maximum current capability 


SD_CLK_DELAY_SETTING SD bus clock delay register 
Reserved 
SD_SLOT_INT_STAUTS Slot interrupt status and version register 


Reserved 


Table 437: SDIO Host Controller SLOT0/SLOT1/SLOT2/SLOT3 Register Mapping 


There is a standard register defined for each slot which is independently controlled. This enables support 
for combinations of high-speed, full-speed and low-speed cards in regards to SD clock frequencies. 


The host driver must determine the number of slots and base pointers to each slot’s standard register set 
using the system bus or vendor-specific methods. Offsets from OFOh to OFFh are reserved for the 
common register area that defines information for slot control and common status. The common register 
area is accessible from any slot’s register set. This allows software to independently control each slot, 
since it has access to the Slot Interrupt Status register and the Host Controller Version register from each 
register set. 


The register set is 256 bytes in size. For slot0/slot1, slot2/slot3 controllers, one register set is assigned 
per slot, but the registers at offsets OFOh - OFFh are assigned as a common area. These registers contain 
the same values for each slot’s register set. 


e Interrupt signal for each slot: 
These status bits indicate the logical OR of the interrupt signal and the walk-up signal for each 
slot. Two bits can be defined. If one interrupt signal is associated with multiple slots, then the host 
driver will be able to know which interrupt is being generated by reading these status bits. By a 
power-on reset or by setting software reset for all, the interrupt signal will be de-asserted and its 
status will read OOh. 


- Bit 00 slot0/slot2 
- Bit 01 slott/sloi3 
- Others reserved 
e Card detection: 
Only slot1 support Card detetion. The slot0, slot2 and slot3 have not the card detection pin. 


When.a card is inserted or removed in/from slot1, the corresponding interrupt will be set in the 
interrupt status register. This will go as an interrupt to the host driver. This is also reflected in bit1 
of the siot interrupt status register (bit! = 0). Upon receiving the interrupt, the host reads the slot 
interrupt status register to locate the interrupt source (slot1), then it reads the corresponding 
Interrupt status register (slot1 interrupt status register) to find the interrupt source (card inserted, 
card removal). But for slot0, slot2 and slot3, the card status is fixed to 1b’1, no matter whether the 
card is in the slot or not. 
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Register Descriptions 
e SDIO System Address Register (SD_SYS_ ADDR) — 0x0000 


[ae [Nene [osu [osseepton 


This register contains the system memory address fora DMA 
transfer. When the Host Controller (HC) stops a DMA transfer, 
it points to the system address of the nexi contiguous data 
position. It can be accessed only if no transaction is being 
executed (i.e. after a transaction has stopped). Read 
operations during transfer will return an invalid value. The Host 
Driver (HD) will initialize this register before starting another 
DMA transaction. 

31:0 After DMA is stopped, the next system address of the next 

(RW) DMA_MEM_ADDR | 32’h0 contiguous data position wili be read from this register. The 
DMA transfer waits at the boundary specified by 
HOST_DMA_BUF_SIZE in the SD_BLK_PARAMETER 
register. The HC generates DMA_INT to request an update to 
this register. The HD then sets the next system address of the 
next data position to this register. When most upper bytes of 
this register (0x003) are set, HC will restart the DMA transfer. 
When restarting DMA by the resume command or by setting 
the Continue Request in the Block Gap Control register, the 
HC starts at the next contiguous address stored in this register. 


Table 438: SDIO System Address Register 


e SDIO Block Size/Count Register (SD_BLK_PARAMETER) — 0x0004 


[et _ [Name [Doak [Deception 


This register specifies the block size for block data transfers for 
CMD17, CMD18, CMD24, CMD25, and CMD53. It can be 
accessed only if no transaction is being executed (i.e. after a 
transaction has stopped). Read operations during transfer will 
return an invalid value and write operations will be ignored. 
0000h: No data transfer 
0001h: 1 byte 
ere 0002h: 2 bytes 

aay O} BLK_SIZE | 13’hO 0003h: 3 bytes 
O1FFh: 511 bytes 
0200h: 512 bytes 
0800h: 2048 Bytes 
1000h: 4096 Bytes 
Data FIFO only supports up to 512 bytes of memory space. 
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To perform long DMA transfers, the System Address register shall 
be updated at every system boundary during the transfer. These 
bits specify the size of the contiguous buffer in the system 
memory. The DMA transfer will wait at the boundary specified by 
these fields and the HC will then generate DMA_INT to request 
HD to update the System Address register. These bits shall be 
supported when DMA_SUP (DMA Support) in the Capabilities 
register is set to 1. This function will be active when DMA_EN in 
HOST DM the Transfer Control register is set to 1. 


A_BUF_SI 000b: 4KB (detects A11 carry out) 

=e 001b: 8KB (detects A12 carry out) 
010b: 16KB (detects A13 carry out) 
011b: 32KB (detects A14 carry out) 


100b: 64KB (detects A15 carry out) 
101b: 128KB (detects A16 carry out) 
110b: 256KB (detects A17 carry out) 


111b: 512KB (detects A18 carry out) 


This bit is enabled when BLK_CNT_EN in the Transfer Control 
register is set to 1 and is valid only for multiple block transfers. The 
HC decrements the block count after each block transfer and stops 
when the count reaches zero. It can be accessed only if no 
transaction is being executed (i.e. after a transaction has stopped). 
Read operations during transfer will return an invalid value and 
write operations shall be ignored. When saving transfer context as 
a result of Suspend command, the number of blocks to be 
31:16 BLK CNT | 16’ho _ | transferred can be determined by reading this register. When 
(RW) = restoring transfer context prior to issuing a Resume command, the 
HD will restore the previously save block count. 
0x0000: Stop Count 
0x0001: 1 block 
0x0002: 2 blocks 
OxFFFF — 65535 blocks 


Table 439: SDIO Block Size/Count Register 


e SDIO Command Argument Register (SD_ARGUMENT) — 0x0008 


The SD Command Argument is specified as bit<39:8> of 
31:0 (R/W) CMD_ARG |} 32’h0 Conmand-Eoniat: 


Table 440: SDIO Command Argument Register 
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e SDIO Transfer Control Register (SD_CMD_TRAN_MODE) — 0x000C 


[ee [None [Bout [Deseriion 


DMA can be enabled only if DMA_SUP (DMA Support) 
bit in the Capabilities register is set. If this bit is set to 1, 
then a DMA operation shall begin when the HD writes to 

0(R/W) | DMA_EN 1'bO the upper byte of the Command register (OOFh). 

0: Disable 

1: Enable 

This bit is used to enable the BLK_CNT in the 

SD_BLK_PARAMETER register, which is only relevant 

for multiple block transfers. When this bit is set to 0, the 
1(R/W) | BLK_CNT_EN 1’b0 Block Count register will be disabled, which is useful for 

~ ~ executing an infinite transfer. 

0: Disable 

1: Enable 

Multiple block transfers for memory that requires CMD12 

to stop the transaction. When this bit is set to 1, HC shall 

then issue CMD12 automatically when the last block 

transfer is completed. HD shall not set this bit to issue 

2(R/W) | AUTO_CMD12_EN 1'b0 commands that do not require CMD12 to stop data 

transfer. 

0: Disable 

1: Enable 


Ee a EO 


This bit defines the direction of DAT line data transfers. 
4(R/W) | DAT_TRAN_DIR_SEL | 1’b0 0: Write (Host to Card) 

1: Read (Card to Host) 

This bit enables multiple block DAT line data transfers. 
5 (R/W) | MULT_BLK_SEL 0: Single Block 

1: Multiple Block 


6 (R/W) i Reserved must set 1’b0; 


Response Type Select: 
00: No Response 
RES_TYPE_SEL 01: Response length 136 
10: Response length 48 
11: Response length 48 check busy after response 


a 
CMD_CRC_CHK EN If this bit is set to 1, then HC shall check the CRC field in 
the response. If an error is detected, then it will be 
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Description 


reported as a Command CRC error. If this bit is set to 0, 
then the CRC field will not be checked. 


0: Disable 
1: Enable 


If this bit is set to 1, then HC shall check the index field in 
the response to see if it contains the same value as the 
command index. If it doesn’t, then it will be reported as a 
CMD_IND_CHK_EN Command Index error. If this bit is set to 0, then the Index 
field will not be checked. 
0: Disable 
1: Enable 
This bit is set to 1 to indicate that data is present and 
shall be transferred using the DAT line. This bit should be 
set to 0 for the following reasons: 
Commands using only CMD line (ex. CMD52) 
DAT_PRE_SEL 1’hO Commands with no data transfer but using busy signal 
on DAT<0> line (R1b or R5b ex. CMD38) 
Resume Command 
: No Data Present 
: Data Present 


There are three types of special commands: 
Suspend, Resume and Abort. These bits shall be set to 
00b for all other commands. 
Suspend Command: 
If the Suspend command is executed successfully, then 
HC shall assume the SD bus has been released and that 
it is possible to issue the next command that uses the 
DAT line. HC shall then de-assert Read Wait for read 
transactions and stop checking busy for write 
transactions. Then the interrupt cycle will start in 4-bit 
mode. If the Suspend command fails, then HC will 
maintain its current state and restart the transfer by 

CMD TYPE 2’hO setting Continue Request in the Block Gap Control 

= register. 

Resume Command: 
HD re-starts the data transfer by restoring the registers in 
the range of 000-00Dh. HC shall check for busy signals 
before starting the write transfers. 
Abort Command: 
If this command is set when executing a read transfer, 
then HC shall stop reading to the buffer. If this command 
is set when executing a write transfer, then HC shall stop 
driving the DAT line. After issuing an Abort command, HD 
should issue a software reset: 
00b: Normal 
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01b: Suspend 
10b: Resume 
11b: Abort 


29:24 ' This bit should be set to the command number (CMDO- 
(any) | CME INDEX 63, ACMD0-63 


Table 441: SDIO Transfer Control Register 


Finton 
eo 


Table 442: Definition of Transfer Type 


R Index Check CRC Check Name of Response Type 
esponse type Enable Enable 


a CC 
CG 
a CC 


Table 443: Definition of Response Type 


e SDIO Card Response Register 0~3 (SD_CARD_RESP_.x) — 0x0010~0x001C 


[Nene [Datuk [Beseipvon SSS 


The following table describes the mapping of command responses 
from the SD bus to this register for each response type. In the table, 


RESP<127:0> | 128’hO | R<> refers to a bit range within the response data as transmitted on 
the SD bus, whereas RESP<> refers to a bit range within the 
Response register 
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Response 
Description Response Field 7 
Register 
R1, Rib (normal response) Card Status R<39:8> RESP<31:0> 


R1b (Auto CMD12 response) | Card Status for Auto CMD12 | R<39:8> RESP<127:96> 
R2 (CID, CSD Register) CID or CSD register included | R<127:8> RESP<119:0> 


R3 (OCR Register) OCR Register for memory R<39:8> RESP<31:0> 
R4 (OCR Register) OCR Register for I/O R<39:8> RESP<31:0> 
R5, R5b SDIO Response R<39:8> RESP<31:0> 


R6 (Published RCA , ; : ; 
response) New published RCA[31:16] R<39:8> RESP<31:0> 


Table 445: Response Bit Definition for Each Response Type 


e SDIO Buffer Data Port Register (SD _BUF_DATA) — 0x0020 


[eit [Name = Defaut[Deserinon 
: The Host Controller buffer can be accessed 
BAIA ORT een0 through this 32-bit data port register 


Table 446: SDIO Buffer Data Port Register 


e SDIO Current State Register (SD_PRESENT_STATE) — 0x0024 


If this bit is 0, then this means the command line is not in 
use and HC can issue an SD command using the CMD line. 
This bit will be set immediately after the 
SD_CMD_TRAN_MODE (0x00C) is written. This bit is 
cleared when the command response is received. Even if 
the CMD_INHABIT (DAT) is set to 1, commands using only 

cn S 1'b0 __| the CMD line can still be issued when this bit is 0. Changing 
from 1 to 0 will generate a CMD_END interrupt in the 
SD_INT_STATUS register. If HC cannot issue the command 
because of a command conflict error or 


AUTO_CMD12_ERR, then this bit shall remain 1 and 
CMD_END will not be set. Status issuing Auto CMD12 is not 
read from this bit. 


This status bit is generated if either the DAT_LINE_ACTIVE 
or the RD_TRAN_ACTIVE register is set to 1. When this bit 
is O, it indicates that HC can issue the next SD command. 
Commands with busy signals belong to CMD_INHIBIT 
(DAT) (ex. R1b, R5b type). Changing from 1 to 0 will 


CMD_INHABIT 
(DAT) 


generate a TRAN END interrupt in the SD_INT_ STATUS 
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register. 

The SD host driver can save registers in the range of 000- 
00Dh for a suspend transaction after this bit has changed 
from 1 to 0. 

1: Cannot issue commands which use the DAT line 

0: Can issue commands which use the DAT line 


This bit indicates whether one of the DAT lines on the SD 
bus is in use: 

1: DAT line is active 

0: DAT line is inactive 


ss —-— 


This status indicates whether a write transfer is active. If this 
bit is set to 0, then it means no valid write data exists in the 
HC. This bit is set in either of the following cases: 


e After the end bit of a write command. 


e When writing a 1 to CONTINUE_REQ in the 
SD_HOST_PWR_BCG_WKP_CTRL register to restart a 
write transfer. 


DAT_LINE_ACTIVE 


This bit is cleared in either of the following cases: 


e After getting the CRC status of the last data block 
8(R) | WT_TRAN_ACTIVE specified by the transfer count (Single or Multiple). 

e After getting a CRC status of any block where data 
transmission is about to be stopped by 
STOP_AT_BLK_GAP_REQ. 

During a write transaction, a BLK_GAP_EVT interrupt will be 

generated when this bit is changed to 0, as a result of the 

STOP_AT_BLK_GAP_REQ being set. This status is useful 

for the HD in determining when to issue commands during 

write busy: 

1: Transferring data 


0: No valid data 
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[None [taut [Oeserpion 


This status is used for detecting completion of a read 
transfer. 


This bit is set to 1 for either of the following conditions: 
e After the end bit of the read command. 


e When writing a 1 to CONTINUE_REQ in the 
SD_HOST_PWR_BCG_WKP_CTRL register to restart a 
read transfer. 


This bit is cleared to 0 for either of the following conditions: 


e When the last data block specified by the block length is 
transferred to the system. 


9(R) | RD_TRAN_ACTIVE | 1’b0 


When all valid data blocks have been transferred to the 
system and no current block transfers are being sent. As 
a result of the STOP_AT_BLK_GAP_REQ set to 1, a 
TRAN_END interrupt wil be generated when this bit 
changes to 0. 


1: Transferring data 
0: No valid data 


This status is used for I/O write transfers. This read-only flag 
indicates whether space is available for write data. If this bit 
is 1, then data can be written to the buffer. A change of this 
bit from 1 to 0 will occur when all block data is written to the 
buffer. Whereas a change of this bit from 0 to 1 will occur 
when the top of the block data can be written to the buffer 
and generate the BUFF_WT_RDY Interrupt. 


0: Write Disable 
1: Write Enable 


This status is used for I/O read transfers. This read-only flag 
indicates that valid data exists in the host side buffer status. 
If this bit is 1, then it means a readable data exists in the 
buffer. A change of this bit from 1 to 0 will occur when all 

11(R) | BUFF_RD_EN block data is read from the buffer. Whereas a change of this 
bit from 0 to 1 will occur when all block data is ready in the 
buffer and generate the BUFF_RD_RDY Interrupt. 


0: Read Disable 


This bit indicates whether a card has been inserted. 
Changing from 0 to 1 will generate a CARD_INSERT 
interrupt in the Normal Interrupt Status register and 
changing from 1 to 0 will generate a CARD_REMOVE 

16 (R) | CARD_INSERTED 1’bO Interrupt in the Normal Interrupt Status register. The 
SOFT_RST_ALL in the SD_CLK_TIMEOUT_SRST_CTRL 
register will not affect this bit. If a Card is removed while its 
power is on and its clock is still oscillating, then HC will clear 
SD_BUS_PWR and SD_CLK_EN in the 
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CARD_STATE_STA 


CARD_DETECT_PI 
N_LEVEL 


Write Protect Switch 
Pin Level 


23: a DAT_LINE_LEVEL 


DAT_LINE_LEVEL 4’b0 


Table 447: SDIO Current State Register 


SiRFatlasV 
AT551 Datasheet 


SD_HOST_PWR_BCG_WKP_CTRL register. In addition, 
HD will clear HC using the SOFT_RST_ALL register. The 
card detect is active regardless of the SD bus power. 


0: Reset or debouching or no cards detected 

1: Card is inserted 

This bit is used for testing purposes. If it is 0, the 
CARD_DETECT_PIN_LEVEL will not be siable. If this bit is 
set to 1, then it means the Card Detect Pin Level is stable. 
The SOFT_RST_ALL in the 


SD_CLK_TIMEOUT_SRST_CTRL Register will not affect 
this bit. 


0: Reset of debouching 
1: No cards detected or inserted 


This bit reflects the inverse value of the SD Card Detect pin 
(SDCD#): 


0: No Cards present (SDCD# = 1) 
1: Card is present (SDCD# = 0) 


The Write Protect Switch is supported for memory and 
combo cards. This bit reflects the SDWP# pin. 


0: Write protected (SDWP# = 1) 
1: Write enabled (SDWP# = 0) 
This status is used to check DAT line level to recover from 


errors and for debugging. This is especially useful for 
detecting the busy signal level from DAT<0>. 


D23 — DAT<3> 
D22 — DAT<2> 
D21 —- DAT<1> 
D20 — DAT<0> 


This status is used to check command line level to recover 
from errors and for debugging 


This status is used to check DAT line level to recover from 
errors and for debugging. This is especially useful in 
detecting the busy signal level from DAT<0>. 


D28 — DAT<7> 
D27 — DAT<6> 
D26 — DAT<5> 
D25 — DAT<4> 


Reserved 
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NOTE —- DAT line active indicates whether one of the DAT lines on the SD bus is in use. 


In read transactions this register indicates whether a read transfer is executing on the SD bus. 
Changing this value from 1 to 0 between data blocks will generate a BLK_GAP_EVT interrupt in 
the SD_INT_STATUS register. 


This bit shall be set in either of the following cases: 


— After the end bit of the read command 
- When writing a 1 to CONTINUE_REQ in the SD HOST_PWR_BCG_WKP_CTRL register to 
restart a read transfer 


This bit shall be cleared in either of the following cases: 


— When the end bit of the last data block is sent from the SD bus to the HC 


- When beginning a wait read transfer at a stop of the block gap initiated by a 
STOP_AT_BLK_GAP_REQ. 


HC should wait at the next block gap by driving Read Wait at the start of the interrupt cycle. If the 
Read Wait signal is already driven (data buffer cannot receive data), then HC can wait for the 
current block gap by continuing to drive the Read Wait signal. It is necessary to support Read Wait 
in order to use the suspending/resuming function. 


In write transactions, this register indicates that a write transfer is executing on the SD bus. 
Changing this value from 1 to 0 will generate a TRAN_END interrupt in the SD_INT_STATUS 
register. 


This bit shall be set in either of the following cases: 


-— After the end of the write command 


- When writing 1 to CONTINUE REQ in the SD HOST_PWR_BCG_WKP_CTRL register to 
continue a write transfer 


This bit shall be cleared in either of the following cases: 


- When the SD card releases write busy of the last data block, HC should also detect if the 
output is not busy. !f SD card does not drive busy signal for eight SD clocks, HC will then 
consider the card driven as “Not Busy” 


- When the SD card releases write busy prior to waiting for write transfer as a result of 
STOP_AT_BLK_GAP_REQ. 


NOTE -— HD can issue cmd0, cmd12, cmd13 (for memory) and cmd52 (for SDIO) when the DAT 
lines are busy during data transfer. These commands can be issued when Command 
Inhibit (CMD) is set to zero. Other commands should also be issued when Command 
Inhibit (DAT) is set to zero. 
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e SDIO Host Control Register 0 (SD_HOST_PWR_BCG_WKP_CTRL) — 0x0028 


[ee [Name ‘(eet [Desermion 


This bit selects the data width of the HC. The HD should 
select it to match the data width of the SD card: 
1 (RW) DAT_TRAN_WIDTH | 1’b0 1: 4-bit mode 
0: 1-bit mode 
Bit[1] and bit[3] cannot be both 1 simultaneously. 


This bit is optional. Before setting this bit, HD should 
check HIGH_SPEED_SUPPORT in the Capabilities 
register. If this bit is set to 0 (default), then HC will output 
CMD and DAT lines at the falling edge of the SD clock 

2 (RW) HIGH SPEED EN 1’bO (up to 25 MHz). If this bit is set to 1, then HC will output 

= ~ CMD and DAT lines at the rising edge of the SD clock 

(up to 50 MHz). 
1: High speed mode 
0: Normal speed mode 


1: 8-bit mode 
3 (R/w) 1’b0 0: 1-bit mode 
Bit[1] and bit[3] cannot be both 1 simultaneously. 


a 


If HC detects No Card State, then this bit will be cleared. 
1: Power on 

8 (R/W) SD_BUS_ PWR 1’b0 0: Power off 
Set this bit only as a controller signal. It needs an 
external power supply for the SD card. 

11:9 

(RW) SD_BUS_VOL_SEL | 3’b000 Reserved (not supported) 


ee bit is used to stop executing a transaction at the 
next block gap for both DMA and non-DMA transfers. 
Until the transfer complete is set to 1 which indicates a 
transfer completion the HD, should this bit be left to 1. 
Clearing both the STOP_AT_BLK_GAP_REQ and 

STOP_AT BLK GA CONT INUE_REQ registers will not cause the transaction 

16 (RW) | 5 REG to restart. Read Wait is used to stop the read transaction 

= at the block gap. HC should honor 
STOP_AT_BLK_GAP_REQ for write transfers, but for 
read transfers, it will require the SD card to support Read 
Wait. Therefore the HD shall not set this bit during read 
transfers unless the SD card supports Read Wait and 
has set RD_WAIT_CTRL to 1. In the case of write 
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transfers in which the HD writes data to the 
SD_BUF_DATA register, HD shall set this bit after all 
block data is written. If this bit is set to 1, then HD will not 
write data to the buffer data port register. This bit affects 
RD_TRAN_ACTIVE, WT_TRAN_ACTIVE, 
DAT_LINE_ACTIVE and CMD_INHIBIT (DAT) in the 
SD_PRESENT_STATE register. 

1: Stop 

0: Transfer 


This bit is used to restart a transaction that was stopped 
after using STOP_AT_BLK_GAP_RE@Q. To cancel stop 
at the block gap, set STOP_AT_BLK_GAP_REQ to 0 
and set it to restart the transfer. HC will automatically 
clear this bit in either of the following cases: 
e Inaread transaction, DAT_LINE ACTIVE will change 
from 0 to 1 when the read transaction restarts. 
TAR). | CONTINUE REG ae In a write transaction, WR_TRAN_ACTIVE will 
change from 0 to 1 when the write transaction restarts. 
It is unnecessary for the host driver to set this bit to 0. 
If STOP_AT_BLK_GAP_REQ is set to 1, any write 
attempts to this bit will be ignored. 
: Restart 
: Ignored 


The read wait function is optional for SDIO cards. If the 
card supports read wait, then set this bit to enable use of 
the read wait protocol in order to stop read data using 
DAT<2> line. Otherwise HC will have to stop the SD 
clock to hold read data, which restricts commands 
generation. When the HD detects an SD card insertion, it 
18 (R/W) | RD_WAIT_CTRL 1’bO will then set this bit according to the CCCR of the SDIO 
~ ~ card. If the card does not support read wait, then this bit 
will never be set to 1, otherwise DAT line conflict may 
occur. If this bit is set to 0, Suspend/Resume cannot be 
supported. 
1: Enable Read Wait Control 
0: Disable Read Wait Control 


This bit is valid only in 4-bit mode of the SDIO card; it 
selects a sample point in the interrupt cycle. Setting to 1 
will enable interrupt detection at the block gap for 

19 (R/W) | INT_AT_BLK_GAP 1’b0 multiple block transfers. If the SD card cannot signal an 
interrupt during a multiple block transfer, then this bit will 
be set to 0. When HD detects an SD card insertion, it will 
then set this bit according to the CCCR of the SDIO card. 


EE 
[ce [| —~*d TD Resenes 
fascem [——~idre0 [Reson 


August, 2010 SiRF Datasheet — Proprietary and Confidential 354 


. ) a 
J wy im \ } . 
I — = | 
| 


SA SiRFatlasV 
Dae, AT551 Datasheet 


[None [Beau [Oescipion 
EG 
EE a 


Table 448: SDIO Host Control Register 0 


There are three situations in which the transfer needs to be restarted after it stops at the block 
gap. Whichever case is appropriate depends on whether the HC issues a Suspend command or 
the SD card accepts the Suspend command: 


- If HD does not issue a Suspend command, then CONTINUE_REQ should be used to restart 
the transfer 

- lf HD issues a Suspend command and the SD card accepts it, then a Resume command 
should be used to restart the transfer 

— lf HD issues a Suspend command and the SD card does not accept it, then CONTINUE REQ 
should be used to restart the transfer 

Any time STOP_AT_BLK_GAP_REQ stops the data transfer, HD will wait for TRAN_END (in the 

SD_INT_STATUS register) before attempting to restart the transfer. When restarting data transfer 

by CONTINUE_REQ, HD will clear STOP_AT_BLK_GAP_REQ prior to or in parallel of the data 

transfer. 


NOTE —- The hardware driver should maintain its current voltage on the SD bus by setting 
SD_BUS_PWR to 1 in this register when the wakeup event via card interrupt is desired. 


e SDIO Host Control Register 1 (SD_CLK_TIMEOUT_SRST_CTRL) — 0x002C 
Upon HC initialization, HD should set SDCLK_FREQ_SEL based on the Capabilities register. 


[et [Rane ‘ete [Beserpton 


This bit is set to 0 when the HD is not using HC or 

when HC is waiting for a wake-up event. HC will stop 

its internal clock to go into very low power state. In this 

case, registers should still be able to be read and 

written. Clock starts to oscillate when this bit is set to 1. 
0 (R/W) | INT_CLK_EN 1’b0 When clock oscillation is stable, HC will set 

INT_CLK_STABLE in this register to 1. This bit shall 

not affect card detection. 

1: Oscillate 

0: Stop 


This bit is set to 1 when the SD clock is stable after 
writing 1 to INT_CLK_EN in this register. The SD host 
driver should wait to set SDCLK_EN until this bit is set 
to 1. 

1 (RW) | INT_CLK_STABLE 1'b0 This is useful when using PLL for a clock oscillator that 
requires setup time. 
1: Ready 
0: Not ready 
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Card state, this bit will be cleared. 
rather it holds the divider of the BASE_CLK_FREQ for 


[ei [Name = Defaut [Bescriion 
HC will stop SDCLK when writing this bit to 0. 
SDCLK_FREQ_SEL can be changed when this bit is 0. 
2 (R/W) | SDCLK_EN 1’b0 
1: Enable 
0: Disable 
FA 
the SD clock in the Capabilities register. Only the 
following settings are allowed: 
0x80: Base clock divided by 256 


HC will maintain the same clock frequency until SDCLK 
This register is used to select the frequency of the 
0x40: Base clock divided by 128 


0x20: 
0x10: 
0x08: 
0x04: 
0x02: 
0x01: 
0x00: 


Base clock divided by 64 
Base clock divided by 32 
Base clock divided by 16 
Base clock divided by 8 
Base clock divided by 4 
Base clock divided by 2 
Base clock (10MHz-63MHz) 


Setting 0x00 specifies the highest frequency of the SD 
Clock. When setting multiple bits, the most significant 
bit will be used as the divider. However it is not 
recommended to set multiple bits. The two default 
divider values can be calculated by the frequency 
defined by BASE_CLK_FREQ for the SD clock in the 
Capabilities register. 


e 25 MHz divider value 
e 400 KHz divider value 


The frequency of the SDCLK is set by the following 
formula: 


Clock Frequency = (Base clock) / divider. Thus 
choosing the smallest possible divider will result in 
clock frequency which is less than or equal to the target 
frequency. 


15:8 . 
(RW) SDCLK_FREQ_SEL 


DAT_TIMEOUT_VAL 


This value determines the interval by which DAT line 
timeouts are detected. Refer to DAT_TIMEOUT_ERR 
in the SD_INT_STATUS register for information on 
factors that determine timeout generation. Timeout 
clock frequency will be generated by dividing the base 
clock TMCLK with this value. When setting this register, 
make sure to prevent inadvertent timeout events by 
clearing DAT_TIMEOUT_ERR_EN (in the SD_INT_EN 
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|Description 


register) 

1111: Reserved 
1110: TMCLK * 2427 
0001: TMCLK * 2414 
0000: TMCLK * 2413 


PReseved 


This reset a ae the entire HC except for the card 
detection circuit. Register bits of type ROC, RW, 
RW1C, RWAC are cleared to 0. During its initialization, 
HD will set this bit to 1 to reset the HC. The HC will 
then reset this bit to 0 when the Capabilities registers 
are valid and are readable by HD. Additional use of 
SOFT_RST_ALL 1’bO SOFT_RST_ALL will not affect the value of the 
Capabilities registers. If this bit is set to 1, then the SD 
card will reset itself and it must be reinitialized by the 
HD. 
1: Reset 


Only part of the command circuit will be reset. The 
following registers and bits are cleared by this bit: 
SD_PRESENT_STATE register 
CMD_INHIBIT (CMD) 
SOFT_ReT-OMD up SD_INT_STATUS register 
CMD_END 
1: Reset 


Only part of the data circuit will be reset. The DMA 
circuit will also be reset. The following registers and bits 
are cleared by this bit: 
SD_BUF_DATA register is cleared and Initialized 
SD_PRESENT_STATE register 
BUFF_RD_EN 
BUFF_WT_EN 

SOFT_RST_DAT 1'bO RD_TRAN_ACTIVE 
WT_TRAN_ACTIVE 
DAT_LINE_ACTIVE 
CMD_INHIBIT (DAT) 
SD_HOST_PWR_BCG_WKP_CTRL register 
CONTINUE_REQ 
STOP_AT_BLK_GAP_REQ 
SD_INT_STATUS register 
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LS RD_READY 
BUFF_WT_READY 
BLK_GAP_EVT 
TRAN_END 

1: Reset 


Ea 


Table 449: SDIO Host Control Register 1 


NOTE —Upon HC initialization, HD will set DAT_TIMEOUT_VAL according to the Capabilities 
register. 


NOTE -A reset pulse is generated when writing 1 to each register bit. After completing the reset, 
HC will clear each bit. The SD host driver will confirm that these bits are 0 as it may take 
some time for software to completely reset the bit. 


e SDIO Interrupt Status Register (SD_INT_STATUS) — 0x0030 


The interrupt status register includes two sections: low word for normal interrupt status and high 
word for error interrupt status. 


The Interrupt Status Enable affects read of this register, but Interrupt Signal Enable does not affect 
these reads. An Interrupt will be generated when the Interrupt Signal Enable is enabled and at 
least one of the status bits is set to 1. For all bits except ERR_INT, writing 1 to this bit will clear it. 


[Bi [None [Bett [escipion SSS 


This bit is set when getting the end bit of the command response 
(Except Auto CMD12). 
CMD_TIMEOUT_ERR has higher priority over Command 

0 (R/W) | CMD_END Complete. If both are set to 1, then it can be considered the 
response was not received correctly. 


0: No Command Complete 
1: Command Complete 


This bit is set when a read / write transaction is completed. 
For read transactions: 


This bit is set at the falling edge of RD_TRAN_ACTIVE status. 
There are two cases in which the Interrupt is generated. The first 

1 (R/W) | TRAN_END is when a data transfer is completed as specified by the data 
length (After the last data has been read to the host system), the 
other one is when data has stopped at the block gap and 
completed data transfer by setting STOP_AT_BLK_GAP_REQ in 
the SD_HOST_PWR_BCG_WKP_CTRL Register (After a valid 
data has been read to the host system). 
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For write transactions: 


This bit is set at the falling edge of the DAT_LINE_ACTIVE 
status. There are two cases in which the interrupt is generated. 
The first is when the last data is written to the card as specified 
by data length and the busy signal is released. The second is 
when data transfers are stopped at the block gap by setting 
STOP_AT_BLK_GAP_RE@Q in the 
SD_HOST_PWR_BCG_WKP_CTRL regisier and data transfers 
are completed. (After a valid data is written to the SD card and 
the busy signal is released). 


TRAN_END has higher priority over DAT_TIMEOUT_ERR. If 
both bits are set to 1, then the data transfer will be considered 
completed 


0: No Data Transfer Complete 
1: Data Transfer Complete 


If STOP_AT_BLK_GAP_REQ in 
SD_HOST_PWR_BCG_WKP_CTRL is set, then this bit will be 
set. 

For read transactions: 

This bit is set at the falling edge of the DAT_LINE_ACTIVE 
status (When the transaction is stopped at SD Bus timing, Read 
Wait must be supported in order to use this function). 

For write transaction: 

This bit is set at the falling edge of WT_TRAN_ACTIVE status 
(After getting CRC status at SD Bus timing). 

0: No BLK_GAP_EVT 

1: Transaction stopped at block gap 


BLK_GAP_EVT 


3 (R/W) | DMA_INT 
4 (RM) ne WT_RD 
5 (RW) ae RD_RD 


6 (R/W) | CARD_INSERT 
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This status is set if the HC detects the host DMA buffer boundary 
in the Block Size register: 


0: No DMA interrupts 
1: DMA interrupt generated 


This status is set if the BUFF_WT_EN changes from 0 to 1: 
0: Not ready to write buffer 
1: Ready to write buffer 


This status is set if the BUFF_RD_EN changes from 0 to 1: 
0: Not ready to read buffer 
1: Ready to read buffer 


This status is set if CARD_INSERTED in the 
SD_PRESENT_STATE registers changes from 0 to 1. When HD 
writes this bit to 1, this status will be cleared. The status for 
CARD_INSERTED in the SD_CUR_STA register should be 
confirmed. Because the card detect may possibly be changed 
when HD clears this bit, in this case, an interrupt event may not 
be generated. 


7 (RW) 


CMD_TIMOUT_ 
ERR 
CMD_CRC_ER 
R 
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Description 


0: Card state stable or debouncing 
1: Card inserted 


This status is set if CARD_INSERTED in the 
SD_PRESENT_STATE register changes from 1 to 0. When the 
HD writes this bit to 1, this status will be cleared. The status of 
CARD_INSERTED in the SD_CUR_STA register should be 
confirmed. Because the card detect may possibly be changed 
when HD clears this bit, in this case, an interrupt event may not 
be generated. 


0: Card state stable or debouncing 
1: Card removed 


Writing this bit to 1 does not clear this bit. It is cleared by 
resetting the SD card interrupt factor. In 1-bit mode, HC will 
detect CARD_INT without the SD clock to support wake-up 
events. In the 4-bit mode, the card interrupt signal will be 
sampled during the interrupt cycle, so there will be some sample 
delays between the interrupt signal from the card and the 
interrupt to the host system. When this status has been set and 
HD needs to start this interrupt service, CARD_INT_EN in the 
1’bO SD_INT_EN register will be set to 0 in order to clear the card 
interrupt status latched in the HC and stop driving the host 
system. Upon completion of the card interrupt service (the reset 
factor in the SD card and the interrupt signal may not be 
asserted), set CARD_INT_EN to 1 and start sampling the 


CARD_REMOV 
E 


8 (RW) | CARD_INT 
Ce 


interrupt signal again. 
0: No card interrupt 
1: Generate card interrupt 


Reserved 


If any of the bits in the upper word of SD_INT_STATUS are set 
and the corresponding status enable bits are also set, this bit will 
be set. Software can test for errors by checking this bit first. 


0: No error 
1: Error 


ERR_INT 


Occurs only if no response is returned within 64 SDCLK cycles 
from the end bit of the command. If HC detects a command line 
conflict, CMD_CRC_ERR should also be set. This bit should be 
set without waiting for 64 SDCLK cycles because the command 
will be aborted by the HC. 


0: No error 
1: Timeout 


CMD_CRC_ERR is generated in two cases. 


e lf aresponse is returned and the CMD_TIMEOUT_ERR is set 
to 0, then this bit will be set to 1 when detecting a CRC error in 
the command response. 


e The HC detects a command line conflict by monitoring the 
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command line when a command is issued. If HC drives the 
command line to 1 level, but detects 0 levels at the next 
SDCLK edge, then HC will abort the command (Siop driving 
the command line) and set this bit to 1. The Command 
Timeout Error will also be set to 1 to distinguish command line 
conflicts. 

0: No error 

1: CRC error generated 


Occurs when detecting the end bit of a command response is 0. 
CMD_ENDBIT_ 0: No error 
ERR ; 

1: End bit error generated 

Occurs if a Command Index error occurs in Command 
CMD_INDEX_E Response. 
RR 0: No Error 

1: Error 


Occurs when detecting one of the following timeout conditions: 
Busy timeout for Rib, R5b type 


Busy timeout after write CRC status 
DAT_TIMEOUT 


_ERR Write CRC staius timeout 


Read data timeout 
0: No error 
1: Timeout 


Occurs when detecting CRC error while transferring read data 

that uses the DAT line or when detecting the Write CRC status 
ee with a value other than 010. 

0: No error 

1: Error 

Occurs when detecting 0 at the end bit position of read data that 
DAT ENDBIT uses the DAT line or the end bit position of the CRC status. 
ERR 0: No error 

1: Error 


By setting the SD_BUS_PWR bit in the 
SD_HOST_PWR_BCG_WKP_CTRL register; HC is requested to 
supply power to the SD bus. If HC supports the Current Limit 
function, then it can be protected from an Illegal card by stopping 
power supply to the card, in which case this bit will indicate 

CURRENT_LIM failure. Reading 1 means the HC is not supplying power to the 

~ERR SD card due to failure. Reading 0 means HC is supplying power 

and no error has occurred. This bit should always be set to 0 if 
HC does not support this function. 


0: No error 
1: Power failure 


August, 2010 SiRF Datasheet — Proprietary and Confidential 361 


A SiRFatlasV 


pe ee AT551 Datasheet 


[Bi [None [Bett [Descipion SSS 


Occurs when detecting one of the bits in the 
AUTO_CMD12_ERR_STATUS register has changed from 0 to 1. 
24 AUTO CMD12 This bit is set to 1 when Auto CMD12 is not executed due to the 
(RW) ERR 1’bO previous command error. 
~ 0: No error 
1: Error 


ia [ees 


Table 450: SDIO Interrupt Status Register 


a 
Cs ee 


Table 451: Relation between Transfer Complete and Data Timeout Error 


Ce 
[negaces [1 Reson nates itn 6 SOCLK oes 
Ce 


Table 452: Relation between Command Complete and Command Timeout Error 


CT: 
Ce a 
Ce 


Table 453: Relation between Command CRC Error and Command Timeout Error 


e SbDiIO Inierrupt Status Enable Register (SD_INT_STA_ENA) — 0x0034 


a 


0: Masked 
0 (R/W) CMD_END_INT_STA_EN 
1: Enabled 
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0: Masked 
16 (R/W) CMD_TIMOUT_ERR_INT_STA_EN 1’bO 
1: Enabled 


19 6 
2 
ata 


Table 454: SDIO Interrupt Status Enable Register 


NOTE - Setting to 1 will enable the interrupt status. 


HC may sample the card interrupt signals during the interrupt period and may hold its value in the 
flip—flop. If Card interrupt Status Enable is set to 0, then HC will clear all internal signals related to 
card interrupts. 


To detect command line conflicts, HD must set both the CMD_TIMEOUT_ERR_INT_EN and the 
CMD_CRC_ERR_INT_EN bits to 1. 
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e SDIO Interrupt Signal Enable Register (SD_INT_SIG_ENA) — 0x0034 
Bit [Name Det 
0: Masked 
1: Enabled 
0: Masked 
1: Enabled 
0: Masked 
1: Enabled 
0: Masked 
1: Enabled 
0: Masked 
1: Enabled 


0 (RW) CMD_END_INT_SIG_EN 


1 (RM) TRAN_END_INT_SIG_EN jim 

2 (RW) BLK_GAP_EVT_INT_SIG_EN Jima 

3 (RIW) DMA_INT_SIG_EN cE 

4 (RW) BUFF_WT_RDY_INT_SIG_EN - 
0: Masked 

5 (RM) BUFF_RD_RDY_INT_SIG_EN ai 
1: Enabled 
0: Masked 

6 (RW) CARD_INSERT_INT_SIG_EN 1h0 sie 
1: Enabled 
0: Masked 

7 (RW) CARD_REMV_INT_SIG_EN 4h0 sain 
1: Enabled 


0: Masked 
8 (R/W) CARD_INT_SIG_EN 
1: Enabled 


0: Masked 

16 (R/W) CMD_TIMOUT_ERR_INT_SIG_EN 
1: Enabled 
0: Masked 
1: Enabled 
0: Masked 
1: Enabled 


17 (RW) CMD_CRC_ERR_INT_ SIG _EN 
18 (R/W) CMD_ENDBIT_ERR_INT_SIG_EN 
0: Masked 
19 (R/W) CMD_INDEX_ERR_INT_ SIG EN 
1: Enabled 
0: Masked 
20 (R/W) DAT_TIMEOUT_ERR_INT_SIG_EN 
1: Enabled 
0: Masked 
21 (R/W) DAT _CRC_ERR_INT_SIG EN 
1: Enabled 
0: Masked 
22 (R/W) DAT_ENDBIT_ERR_INT_SIG_EN 
1: Enabled 
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0: Masked 
1: Enabled 


24 (RW) AUTO_CMD12_ERR_INT_SIG_EN 


0: Masked 
23 (RW) CURRENT _LIM_ERR_INT_SIG_EN si 
1: Enabled 


Table 455: SDIO Interrupt Signal Enable Register 


This register is used to select which interrupt status is indicated to the host system as interrupt. 
These status bits share the sample 1-bit interrupt line. Setting any of these bits to 1'b1 will enable 
interrupt generation. 


e SDIO Auto CMD12 Error Status Register (SD_AUTO_CMD12_ERR_STATUS) 


When Auto CMD12 Error Status is set, HD will check this register to identify what kind of error 
Auto CMD12 indicates. This register is valid only when the Auto CMD12 Error is set. 


If memory multipie block data transfer is not started due to 
command errors, then this bit will not be set because it is 
not necessary to issue Auto CMD12. Setting this bit to 1 
means HC cannot issue Auto CMD12 to stop memory 
AUTO_CMD12_NOT_ multiple block transfers caused by command errors. If this 
EXEC bit is set to 1, then other error status bits (D04 — DO01) will 
become meaningless. 


0: Executed 
1: Not Executed 


Occurs if no response is returned within 64 SDCLK cycles 
from the end bit of the command. If this bit is set to 1, other 
AUTO_CMD12_TIME error status bits (D04 — D02) will be meaningless. 
OUT_ERR ‘ 
= 0: No error 


1: Timeout 


Occurs when detecting a CRC error in the command 


AUTO_CMD12_CRC_ response. 
ERR 0: No error 


1: CRC error generated 


Occurs when detecting the end bit of the command 


AUTO_CMD12_ENDB response is 0. 
IT_ERR 0: No error 


1: End bit error generated 


Occurs if the Command Index error occurs in response to a 
command. 


0: No error 


AUTO_CMD12_INDE 
X_ERR 
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1: Error 


Reserved 


Setting this bit to 1 means CMD_WO_DAT is not executed 
CMD NOT ISSURED due to an Auto CMD12 error (D04 — DO1) in this register. 


_BY_CMD12_ERR 0: No error 
1: Not issued 


Table 456: SDIO Auto CMD12 Error Status Register 


Auto Cmd12 CRC Error Auto CMD12 Timeout Error Kinds of Error 
a 0S 


Table 457: Relation between Auto CMD12 CRC Error and Auto CMD12 Timeout Error 


Auto Cmd12 CRC Error Auto CMD12 Timeout Error Kinds of Error 


Table 458: Relation between Auto CMD12 CRC Error and Auto CMD12 Timeout Error 


The timing for changing Auto CMD12 Error Status can be classified in three scenarios: 


— When HC is going io issue Auto CMD12 


A Set bit 0 to 1°67 if Auto CMD12 cannot be issued due to an error in the previous 
command. 


A Set bit 0 to 1’b0 if Auto CMD12 is issued. 


- Atthe end bit of Auto CMD12 response 
A Check received responses by checking the error bits 1~4. 
A Set to 1’b1 if Error is detected. 
A Set to 1’b0 if Error is not detected. 


- Before reading Auto CMD12 Error Status bit 7 


A Set bit 7 to 161 when there is a command that cannot be issued. 
A Set bit 7 to 1-b0 when there is no command to issue. 
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Timing for generating the Auto CMD12 error and writing to the SD CMD_TRAN_MODE register is 
Asynchronous. Bit 7 is usually sampled when the host driver never writes to the 
SD_CMD_TRAN_MODE register. Therefore the best time to set the bit 7 status bit is before the 
AUTO_CMD12_ERR_STATUS register is read. 


e SDIO Capabilities Register (SD_CAPABILITY_REG) — 0x0040 


[ek [Nane [Datu [Daserpton 
sow | ——*iserso [Resend 
a 


This bit shows the unit of base clock frequency used to 
detect DAT_TIMEOUT_ERR. 

7 (R) TIMEOUT_UNIT 1’b1 0: KHz 
1: MHz 


FC 
a 
I a 
En a 


This bit indicates whether HC and the host system 

supporis high-speed mode and whether they can supply 
aa (R) HIGH SPEED SUP | 1’b1 SD clock frequency from 25MHz to 50 MHz. 

0: High speed is not supported. 

1: High speed is supported. 

It indicates whether HC is able to use DMA for directly 

transferring data between the system memory and HC. 

22h) PMALSHP a 0: DMA is not supported. 

1: DMA is supported. 


This bit indicates whether HC supports Suspend / 
Resume functionality. If this bit is 0, then the Suspend 
and Resume mechanism will not be supported and HD 
23 (R) SUS_RESM_SUP 1'b1 will not issue either Suspend or Resume commands. 
0: Not supported. 
1: Supported. 


mm [i Rees 
zim) [i Ree 
zim) [Reve naan 


Table 459: SDIO Capabilities Register 
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NOTE - The host system should support at least one of the voltages listed in the table above. HD sets 
the SD_BUS_VOL_SEL in SD_HOST_PWR_BCG_WKP_CTRL register according to these 
support bits. If multiple voltages are supported, then select a usable lower voltage by comparing 
the OCR value from the card. 


e SDIO Maximum Current Capabilities Register (SD_MAX_CUR_CAPABILITY) — 0x0048 


These registers indicate the maximum current capability for each voltage. The value is useful only 
if the corresponding Voltage Support bit is set in the Capabilities register. 


[Name Defaut [Description 
MAX_CUR_33V Reserved (needs external power supply) 


MAX_CUR_30V Reserved (needs external power supply) 
206 
mam [Renee 


Table 460: SDIO Maximum Current Capabilities Register 


fo ____ Getitoraton vie aratermaod 
od 
55 


Table 461: Maximum Current Value Definition 


e SD Bus Clock Delay Register (SD_CLK_DELAY_SETTING) — 0x004C 


[et [Name [Dott [Descipion 


The register is used to adjust to the clock delay only during 
5:0 (R/W) CLK_DELAY 6’hOO micro-adjust clock phase. 


The maximum change value is approximately 4ns. 


Table 462: SD Bus Clock Delay Register 
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e SDIO Slot Interrupt Status and Version Register (SD_SLOT_INT_STAUTS) — 0x00FC 


These status bits indicate the logical OR of the interrupt and the 
wake-up signal for each slot. A maximum of 8 slots can be 
defined. If one of the interrupt signals is associated with 
multiple slots, then HD will be able to know which interrupt is 
INT_SIG_FOR_ being generated by reading these status bits. Using a power-on 
SLOT reset or the SOFT_RST_ALL register will de-assert the interrupt 
signal and cause its status to read OOh. 


Bit 00: Slot 0 


Bit 01: Slot 1 


a 


This status indicates the Host Controller Spec Version. The 


23:16 upper and lower 4 bits indicate the version: 
; SPEC_VER ; er ; 
(RW) 00: SD Host Specification version 1.0 


Others: Reserved 


a VENDOR_VER jen | Reserved for vendor version number. HD should not use it. 


Table 463: SDIO Slot Interrupt Status and Version Register 


/O Bridge 


Overview 


The I/O Bridge interfaces with the DMA bus and the AXI system bus. It converts read/write commands 
from the DMA bus into AXI bus operations. In the read direction, the I/O Bridge will read data from the 
memory via the AXI bus and store data in the data FIFO for the DMA controller to read. In the write 
direction, the I/O Bridge will read data from the DMA bus and store it in the internal data FIFO. It then 
reads out data and outputs to AXI bus. Therefore the I/O Bridge will convert the DMA bus timing into AXI 
bus timing and AXI bus timing to DMA bus timing. It is a bridge between the I/O DMA bus and the AXI 
system bus. 


Feature List 


e Main features of the block 

- The I/O Bridge is a protocol converter between the DMA controller bus and the AXI system 
bus. 

- If the current operation is the burst write operation and the write address has not been granted 
by the memory controller, another burst write request is issued. Addresses of the two write 
operations are continuous. Two burst write operations can be combined to form one write 
operation in the AXI bus with doubled burst length. This mode is considered the performance 
optimization mode. 
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e Operation modes of the block 
- It supports single mode and burst mode DMA 
— It supports performance optimization mode 


Register Definitions 
Register Address Mapping 


Base Address 


Address Mapping 


0xb0000000 


Table 464: I/O Bridge Base Address 


Register Mapping 


Table 465: I/O Bridge Address Mapping 


Register Descriptions 


e Enable Second Command Register (IOBG_SCMD_EN) — RISC: 0x0800 


[ai [Name [Bsinut [oercision 


0 (R/W) | Enable | 1'hO I/O Bridge second command enable bit: 
1: I/O Bridge can convert two continuous DMA write operations into one 
AXI burst transfer; performance optimization mode enabled. 
0: Performance optimization mode disabled. 


En a 


Table 466: Enable Second Command Register 
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e 1/O Bridge Flush Register (IOBG_FLUSH) — 0x0804 


After all data stored in the internal data FIFO of I/O Bridge has been sent to the destination 
(memory or I/O peripheral), FLASH will be set to indicate the data FIFO is empty. 


[bi [Wane [betut [eseipionSSOSCSC~S~s~“~S~S~S 


0 (R/W) | FLUSH 1'hO I/O bridge flush bit: 
0: The data FIFO in I/O bridge is empty. The I/O Bridge has sent all 
data to the destination. 
1: The data FIFO in I/O bridge is not empty. Some data still remains in 
the I/O Bridge. 
I/O Bridge will clear this register when the I/O Bridge is in an idle state 
or a transaction in the I/O Bridge is completed. 
In order to determine whether the current I/O Bridge operation is 
finished, user should read this register until it becomes 0. 


eae ees 


Table 467: I/O Bridge Flush Register 


e 1/O Bridge Response Counter Register (IOBG_RESP_CNT) — 0x0814 


[bi [Wome [Botut [Deseepton SSS 


1: Starts to count the responses from memory controller which 
indicate the AXI data has been sent out. 
When this bit is set, the counter will be cleared and will start to count 
0 (RW) START_ | ang bvalid signals from the memory controller. 
ont This bit can be auto-cleared by hardware. 
0: Counter is not started; the counter will hold the old value. 
Reading this bit will always get 1. 


5:1 (R) —— e Ee nnn The counter of the bvalid signal from the memory controller. 


Table 468: I/O Bridge Response Counter Register 
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DMA Controller 


Overview 


SiRFatlasV contains some peripherals such as audio codec, UART and USP which may at times be slow 
in speed. When these peripherals request memory access, RISC will have to respond to them one by one 
and process them one byte at a time. It therefore will create heavy overhead for RISC and causing it to be 
interrupted. 


The DMA controller is intended to relieve the processor of the interrupt overhead while servicing these 
peripherals via a programmed I/O. The DMA controller can convert sparse memory access requests from 
slow interfaces into burst transfer requests on the system bus. 


Feature List 


The DMA controller consists of 16 independent DMA channels. Each channel is allocated to a different 
function described in the figure below except for three channels are reserved. 


Channel Function Priority 
0 USPO input High 
1 USPO output 
2 Reserved 

12 SPIO input 
13 SPIO output 
14 USP1 input 
15 USP1 output 
10 UARTO input 
11 UARTO output 
6 AC97//’S input 
7 AC97/I"S output 
8 AC97 Aux input 
3 TSC stream mode input 
9 Reserved 
4 NAND Flash input/output 
5 Reserved Low 


Figure 69: DMA Controller Predetermined Priority 


In the above figure: 


e Channels 6 and 7 are shared between: 

- AC97 (input/output) 

-  1’S (input/output) 
Each periphera! has its own FIFO for DMA. The user can set up the FIFO request control register to 
control when the FIFO generates requests to the DMA controller. For example, the value in the request 
control register can be half the FIFO size. Once the FIFO is half-full/empty, it will generate a request 
signal to the DMA controller to start or stop the DMA. If the peripheral needs service sooner, the user can 
program the register to a higher/lower value, depending on the direction of the DMA. 


If the peripheral is a full-duplex device, then it will need to have two FIFO, one for each direction. If the 
peripheral is half-duplex, then one FIFO would be good enough. Yet the peripheral designer will need to 


be careful when determining the size of the FIFO in order to prevent FIFO overflow or underflow. If an 
overflow or underflow occurs, it will generate an interrupt. 
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The DMA controller is intended to relieve the processor of the interrupt overhead while servicing these 
peripherals via a programmed I/O. But if desired, any or all peripherals can be serviced by the 
programmed I/O instead of the DMA. Each peripheral is capable of requesting processor services through 
its own interrupt line. 


The DMA controller supports 1-D, 2-D and loop DMA. DMA controller supports single (1-DVWWORD) and 
burst (4-DWORD) mode transfers. 


Functional Descriptions 


DMA Channel Arbitration 


The DMA controller serves multiple blocks and arbitrates between different blocks that need to access the 
external memory. Each DMA channel has a 2-bit request level which is determined by the internal FIFO 
status automatically. In addition, they all have an inherent priority (as shown above); so that when two 
channels have the same request level, the channel with the higher priority will win. The priority level can 
be programmed by the RISC or determined by the fullness of FIFO, depending on the channel. 


Arbitration is a 3-step process: 


1. Requests for each level are determined by the request signals and whether a DMA is set up for 
that channel. 

2. Each level goes to a priority encoder in the pre-determined order to indicate whether there is a 
request for that channel and a channel to service. 


3. The channel for the highest valid request will be serviced. 


When the DMA controller detects a request with a higher arbitration priority than the current one (based 
on the above protocol), it will interrupt the current DMA, store the location of the last access (i.e. where 
the stop occurs), and proceed to service the new request. The interrupted request can resume from 
where it last stopped after its arbitration priority becomes the highest again. This scheme can be repeated 
for all the channels active at the same time. 


The FIFO is a block of SRAM on-chip with a read pointer chasing a write pointer (one may never pass the 
other one). DMA transfer is implemented via the data transfer between the external memory and FIFOs. 
Each peripheral has its own FIFO. The FIFO size is peripheral dependent. Lower-bandwidth peripherals 
do not need large FIFO size. The FIFO must provide status flags and interrupts to the host (RISC or DSP) 
if there is an underflow or overflow. 


The fullness of the FIFO is determined by the difference of the two pointers. Since most FIFOs in this chip 
are bi-directional, one must be very careful with both FIFO overflow and underflow. Make sure that the 
request levels to the memory controller are set properly so that it can start or stop in time. 


The FIFO will interface with both a data producing/consuming peripheral and the DMA controller. A FIFO 
will send a 2-bit request level to the DMA controller. If that FIFO is serviced, then the DMA controller will 
send it a data valid signal. In the following cycle, the FIFO will either write the 32-bit data into the data bus 
(if it is writing to the memory), or read the 32-bit data from the data bus (if it is reading from the memory). 


The request level is determined by two sets of registers (one for reading and one for writing) setting three 
checkpoints (stop, low, high) that will trigger different request levels. 


FIFO Requests FIFO Write to External Memory FIFO Read from External Memory 


2'b00 FIFO is between Empty and Stop. FIFO is between Full and Stop 
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FIFO Write to External Memory FIFO Read from External Memory 


FIFO is between Stop and Low. FIFO is between Stop and Low 
FIFO is between Low and High. FIFO is between Low and High 
FIFO is between High and Full. FIFO is between High and Empty 


Table 469: FIFO Requests Levels 


There are two FIFOs for the peripheral that perform bi-directional data transfer, and it will be one FIFO for 
each direction, thereby limiting both the DMA controller and the peripheral block to write the same FIFO. 


FIFO writes to FIFO reads from 
external memory external memory 


Full 
High Check Stop Check 
Low Check Low Check 
Stop Check High Check 


Empty 


Figure 70: FIFO Request Level Checkpoints 


Some peripherals are relatively fast and may need to transfer several words of data at one time. Then it 
can be programmed in burst DMA mode. In burst DMA mode, the DMA will transfer four 32-bit words of 
data at one time instead of one in normal mode. The stop checkpoint of the input FIFO in burst mode 
should be set greater than or equal to 4. 


It is necessary to configure a flush-bit to the input FIFO so that the last few words (under stop checkpoint) 
of the input will not be stuck in the FIFO at the end of DMA. When the flush bit is set, the request level will 
maintain at 2'b01 even the FIFO is below the stop level. This ensures the FIFO is emptied even if new 
data is not coming in. 


Each DMA has its own interrupt flag and enable/disable bit. If the disable bit is asserted, then DMA will be 
stopped. If a DMA is finished, then an interrupt to the RISC or DSP will be generated. The interrupt can 
either be enabled or disabled. 


NOTE —- FIFO and its corresponding DMA request generation mechanism are implemented in their 
respective peripherals, instead of the DMA controller. DMA controller receives the 3-level DMA 
requests and arbitrates them. The highest level request will get granted. If several requests 
have the same level, then the pre-determined priority order will apply. 


The DMA _arbiter module implements the arbitration function. It generates the current_channel signal 
after arbitration to indicate which channel will be granted. 
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Function Modes 


e Single and Burst DMA 


As we specified before, the DMA controller has two data transfer modes, the single transfer mode and the 
burst transfer mode. In single transfer mode, the DMA controller executes one 32-bit word read/write at a 
time; while in burst mode, it executes four 32-bit words a time. The user can select the transfer mode by 
programming one of the register bits in the DMA controller. 


One thing to note is that in burst mode, the DMA address is better to be in 4-DWORD boundary. 
Otherwise, the transfer will be split into multiple single-word transfers in the system bus. This is because 
the system bus does not allow the non-aligned burst transfer. 


e 1-D and 2-D DMA 


The DMA controller supports both 1-D and 2-D DMA. In 2-D DMA, the system memory space is 
interpreted as a 2-D layout instead of a linear 1-D layout. More specifically, the system memory can be 
considered as multiple data lines. The length of the data line is determined by the user-selected 
DMA_WIDTH register. The user can specify a data window that the user wants to access using four 
parameters: 


- Start address 
- Xlength 
- Y length 
- Width 
The idea of a 2-D DMA is shown in the following diagram. 


DMA Width 


Start Address 


Y Lenath 


+——_ XLength ———> 


Figure 71: 2-D DMA Parameters 


If the user specifies the Y length as 0 or the X length equals to the DMA width, then this 2-D DMA will 
reduce to 1-D. 


If the user configures the X length greater than the DMA width, then the extra data will be wrapped 
around to the next data line, this may corrupt the DMA transfer for multiple-line 2-D DMA. If this is a 1-D 
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DMA, then there will not be an issue. The following diagram shows the wrap-around of the extra data in 
case the X length greater than DMA width. 


DMA X Length 19 ——————> 


DMA Width 


Figure 72: 2-D DMA Wrap Around (X-Lengih > DMA Width) 


e Loop DMA 
DMA_WIDTH 
_—_—$—— 
BUFA 
Y-LENGTH 
BUFB 


———$—$ ________» 


t 


Figure 73: DMA Address Change If X_LEN=0 


If the X-length is set to 0, then it would be considered a special DMA mode, the loop mode. In loop mode, 
DMA will never finish until user forces it to stop (by writing 1’b0 to the BUFA_VALID or BUFB_VALID 
register). The DMA will keep looping as illustrated in the above figure. 


As shown in the figure above, the DMA address will keep increasing until reaching the end of a loop area 
whose size is defined by (DMA_WIDTH x (Y_LENGTH + 1)). Then the DMA address will go back to the 
beginning of this area. !f both Y_ LENGTH and DMA_WIDTH are 0, then the DMA address will not change 
at all, in this case, DIMA will continue to transfer data to the same DMA address until user forces it to stop. 


In loop mode, the DMA data region is divided into two parts, BUFA and BUFB (such as “Buffer A and 
Buffer B”). DMA controller will generate interrupts twice in each loop: when the DMA address reaches the 
end of BUFA and when the DMA address reaches the end of the BUFB. Of course the interrupt can only 
be generated when the corresponding interrupt enable (DMA_INT_EN) bit is set. 


Each buffer (BUFA or BUFB) has its own buffer valid register bit, which can be programmed by the user. 
The loop DMA will not be started until the current buffer valid register bit is asserted. For example, if DMA 
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goes to the end of BUFA and the valid bit of BUFB is not set, DMA will stop at the end of BUFA until the 
valid bit of BUFB is set. 


Register Definitions 


Register Address Mapping 


Base Address 


Access Type Address Mapping 
DSP I/O interface 0x100 


RISC I/O Interface Oxb0000000 


Table 470: DMA Controller Base Address 


Register Mapping 


RISC 
DSP I/O : ee 


0x0048 DMA_CH4_YLEN DMA channel 4 Y-length register 


0x002C DMA_CH2_CTRL DMA channel 2 control register 
0x0030 0x18~0x19 DMA_CH3_ADDR DMA channel 3 address register 
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RISC 
DSP I/O : gee 
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RISC 
DSP I/O : nr 


Table 471: DMA Controller Address Mapping 
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NOTE — The DMA interface must occupy DSP 256x16-bit WORD I/O space. 


Register Descriptions 


e DMA Channel <11:0> Address Register (DMA_CH<11:0>_ADDR) 


The DMA channel start address is in the 32-bit D-word boundary. This must be the last register to 
be set among all the DMA configuration registers. Setting this register will start DMA. 


[si [Name [Bett [Oescipfon 


24:0 (R/W) | A<24:0> | 25'h0 The DMA start address in 32-bit D-word boundary 
vas [- [mmo [Reed Cd 


Table 472: DMA Channel Address Register 


NOTE —-For burst-mode DMA, please set the start address to be within 16-byte boundary. 
Otherwise, the burst will be cut into multiple single transfers and the efficiency is much 
lower. For loop-mode DMA, setting the start address will not start DMA at once. The 
user needs to set DMA_CH_LOOP_CTRL to start DMA. Before starting a new DMA, 
user also need to configure this start address register to clear the internal status of the 
last DMA. 


e DMA Channel <11:0> X-Length Register (DMA _CH<11:0>_XLEN) 


The DMA X-length is in the 32-bit D-word boundary. This value specifies the number of D-words 
transferred in each line. The value should be less than the value of DMA width register. 


In burst mode, X-length should be in the 16-byte boundary, but it is allowed to be set to any value. 
For example, if X-length = 5, the DMA controller will execute 2 bursts. However, in the last burst, 
the DMA controller will only transfer one DWord data to or from the peripheral. 


For 1-D DMA, this is not important because the last data transferred in the entire DMA will not 
affect the peripheral FIFO. But in 2-D DMA, when the X-length is not in the 16-byte boundary, then 
the last burst of every line will only execute a 1 DWORD data transfer. Thus, the DMA controller 
will not execute extra data transfer and affect the data sequence in the peripheral FIFO. 


NOTE —From the system memory’s point of view, there are still 2 bursts in each line. For example, 
the five DWORD data transfers of each line will take 8-DWORD’s memory space.) 


[Bt [Ware [eeu [Besormion SSCS 
11:0 (R/W) XL<11:0> | 12'hO DMA X-length in 32-bit DWORD boundary 


Ea 


Table 473: DMA Channel X-Length Register 


e DMA Channel <11:0> Y-Length Register (DMA_CH<11:0>_YLEN) 
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The DMA Y-length specifies the number of lines in DMA transfers. The number of the lines in DMA 
transfer is Y-length + 1. The maximum number of line can be 2048. Setting Y-length to 0 produces 
the same effect as 1-D DMA. 


[Bt [None [Batu [Desorption 
11:0 (RW) | YL<11:0> | 12'hO DMA Y-length 


se [- ana [Reeves SS 


Table 474: DMA Channel Y-Length Register 


e DMA Channel <11:0> Control Register (DMA_CH<11:0>_CTRL) 


[pecwion 


[Bit [Name | Default | 
DMA width register select signal: 
000: Select DMA_WIDTHO. 
001: Select DMA_WIDTH1. 
010: Select DMA_WIDTH2. 
2:0 (R/W) WS 3'hO 011: Select DMA_WIDTH3. 
100: Select DMA_WIDTH4. 
101: Select DMA_WIDTH5. 
110: Select DMA_WIDTH6. 
111: Select DMA_WIDTH7. 


DMA transfer mode: 
3 (R/W) BURST 1'b0 1: DMA is in burst transfer mode. 
0: DMA is in single transfer mode. 
DMA direction: 
4 (RW) 1'b0 1: DMA from memory to peripheral FIFO. 
0: DMA from peripheral FIFO to memory. 


pis [aro reson 


Table 475: DMA Channel Control Register 


e DMA Width Registers (DMA_WIDTHO~7) — RISC: 0x100~0x11C, DSP: 0x80~0x87 
There are two separate sets of DMA Width registers, one for RISC and one for DSP. Accessing to 
which set of register depends on the setting of the DMA_CH_DSP_EN. Each set has eight Width 
registers. Each DMA channel can choose to use any one of these eight Width registers. 
To enable a correct 2-D DMA, the DMA Width register must be correctly set. The value of the 


DMA Width register must be greater than or equal to the X-length, otherwise, the data will be 
overlapped. 


NOTE —DMA_WIDTH should not be set to zero. 
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[Bt [Wane [Peteut [Bescipion SSCS 
11:0 (R/W) WIDTH 12'hO DMA width 


se [- —*darno[Resones 


Table 476: DMA Width Registers 


NOTE -RISC can read or write its bank of registers either in RISC mode or DSP mode. However 
DSP can only write its bank of registers in DSP mode and read either in DSP mode or 
RISC mode. 


DMA Channel Valid Register (DMA_CH_VALID) — RISC: 0x120, DSP: 0x88 


If this register is 1, it means that the corresponding DMA channel is active. In mode other than the 
loop DMA, when user configures DMA_CH_ADDR, the corresponding VL bit will be set; when the 
DMA operation is finished, the corresponding VL bit will be cleared. In loop DMA, when 
DMA_CH_XLEN is set to 0, VL bit will be 0 until BUFA_ VALID becomes valid, and when the 
address reaches the end of BUFA, VL will be 1 if BUFB_ VALID is valid. In mode other than the 
loop DMA, the user can write a 1 to the register bit to force the corresponding DMA channel to 
stop. In loop DMA, user cannot set this register to stop loop DMA. In loop DMA, user can 
invalidate BUFA_VALID or BUFB_VALID to stop it. 


[Bt [Wane [Beta [Desermion ——SSCSCSC~“~*~*~“~*~*~*~*~* 


DMA channel valid bits. 
15:0 (R/W) | VL 16'hO This bit will be automatically set to 1 if the START_ADDR register is 
written. Write a 1 to each bit will stop that channel’s DMA. 


Table 477: DMA Channel Valid Register 


DMA Channel Interrupt Register (DMA_CH_INT) — RISC: 0x124, DSP: 0x89 


After each DMA is finished, it will generate an interrupt bit in the corresponding bit of this register. 
RISC or DSP can read this register to check which DMA is finished. If either RISC or DSP writes 1 
to that bit, then the interrupt bit will be cleared. If the DMA interrupt occurs, then it will only indicate 
that the DMA conirolier has sent all commands to the I/O Bridge. This doesn’t mean that the data 
has been written to the memory or the peripheral. 


NOTE -!If the corresponding bits if DMA_INT_EN is not set, then the interrupt will not be active, 
the bits of DMA_CH_INT will also not be active. 
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a 
15:0 (RIW 16'hO DMA interrupt bits 


Table 478: DMA Channel Interrupt Register 


e DMA Interrupt Enable Register (DMA_INT_EN) — RISC: 0x128, DSP: 0x6A 


There are two separate interrupt enable registers, one for RISC and the other for DSP. The DMA 
channel can only generate interrupts when the corresponding bits in this register and 
DMA_CH_DSP_EN are set correctly. 


[sk [None [Bott [Besoin SSCS 


DMA interrupt enable bits: 
15:0 (R/W) | EN 16'hO 1: The DMA interrupt is enabled. 
0: The DMA interrupt is disabled. 


Table 479: DMA Interrupt Enable Register 


NOTE -RISC can read or write its bank of registers either in DSP mode or RISC mode. DSP can 
write its bank of register only in DSP mode and can read either in DSP mode or RISC 
mode. 


e DMA Channel DSP Control Register (DMA_CH_DSP_CTRL) — RISC: 0x12C 


This register is accessible to RISC only. This signal only indicates the DMA channel is accessed 
by DSP or RISC and cannot be the interrupt mask. For example, if DSP_EN [15:0] is 16’h1, then 
DMA channel0 will be accessed by DSP while other channels are accessed by RISC. Yet 
interrupts of channel1-channel15 can still be sent to DSP, because interrupts of all channels are 
ORed and there are no registers to flag the interrupt source. 


[ek [None [Bott [Besoin SS 


DMA channel DSP control enable bits: 
15:0 (R/(W) | DSP_EN 16'hO 1: The DMA channel is controlled by DSP. 
0: The DMA channel is controlled by RISC. 


Table 480: DMA Channel DSP Control Register 
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DMA Channel Loop Control Register (DMA_CH_LOOP_CTRL) — RISC: 0x130, DSP: 0x8C~8D 


Similar to DMA_WIDTH registers and the DMA_INT_EN register, there are two separate 
DMA_CH_LOOP_CTRL registers, one for RISC and one for DSP, depending on the current 
channel which is controlled by RISC or DSP, in order to decide which DMA_CH_LOOP_CTRL 
register is being used. 


[ee [None [Beteut [Besermion SS 


1: The first section of the loop area (BUFA) is valid. 
15:0 (R/W) BUFA_VALID | 16'hO cea 
0: The first section of the loop area (BUFA) is invalid. 


1: The second section of the loop area (BUFB) is valid. 
31:16 (RW) | BUFB_VALID | 16'hO ater 
0: The second section of the loop area (BUFB) is invalid. 


Table 481: DMA Channel Loop Control Register 


NOTE -RISC can read or write its bank of register either in DSP mode or RISC mode, but DSP 
can only write its bank of register in DSP mode and read either in DSP mode or RISC 
mode. 


USP Controller 


Overview 


Universal Serial Ports (USP) are used for serial communication in which only 1 bit is transmitted at a time. 
The advantage of a serial port is that it requires relatively few pins so it is often more cost-effective than 
parallel ports (especially in long-range communications). The serial port is a general purpose interface 
that transmits or receives data one bit at a time and can be used for almost any device types. There are 3 
main USP device categories: 


e PC peripherals: modem, mouse, printer and so on 

e Communication devices: Cable modem, ISDN, and xDSL 

e Embedded systems: A/D, D/A converters, RF modules, and serial EEPROM 
The SiRFatlasV USP (Universal Serial Port) is a multifunctional serial interface that communicates with 
many common serial ports. “Universal" does not mean that it can interface with any types of serial 


devices, but only those that are USP-compliant can be connected via the USP interface. Compared to 
existing designs, the SiRFatlasV USP offers better expendability, configurability and flexibility. 


For configuring the right frame format, users can set parameters such as data length and transmitting 
data length for the transfer frame. Depending on connection protocols, the frame format can be 
configured as either a full-duplex asynchronous system that communicates with peripheral devices such 
as CRT terminals and modems, or as a half-duplex synchronous system that communicates with 
peripheral devices such as A/D or D/A integrated circuits, serial EEPROMs, or touch panel controllers. 


There are a total of two USPs, identified as USPO and USP1 on the SiRFatlasV processor. These USPs 
are identical to each other. 
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Feature List 


Depending on the clock used, the SiRFatlasV USP can be configured to the following modes: 


e Asynchronous (no clock is needed.) 
-— UART, IrDA: Maximum data rate = 3 Mbps 
e Synchronous 
- DSP and PCM for both Master and Slave mode 
- SPI for Master mode 
- [S for Slave mode 
- SIM Card Host timing 


When USP works in Master mode, the clock is generated by USP, and maximum clock 
frequency = 1/6 of the I/O clock. 


-— When USP works in Slave mode, the clock is generated by the external device, and maximum 
clock frequency = 1/20 the I/O clock. 
Depending on the type of the serial bus used, the SiRFatlasV USP may be able to support the following 
types of serial ports: 


e ASYNC (UART and IrDA) 
e SPI bus (such as serial EEPROM 25C040 and Philsar PH2401) 
e |’S bus (such as WM8978) 


The SiRFatlasV USP provides 128-byte data FIFO which supports DMA and I/O modes. It also supports 
RISC control pin (GPIO mode). 


Pin Descriptions 


External Pin Descriptions 


The following table shows the pins used in the USP controller and their functions. The USP controller pins 
are multiplexed with other devices. Refer to the section for Pin Sequence for more information. 
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Je) Pin MUX eran Default Status Description 
Type Function 
USPO USPO Serial Clock/Smart Card 
X_USCLK_0 a GPIO GPIO Input, pull-down Clock output 
USPO USPO Transmit Data/Smart 
X_UTXD_0 GPIO Input, pull-down Card bidirectional serial data 
GPIO in 
put 
USPO 
X_URXD_0 GPIO GPIO Input, pull-down USPO Receive Data 
USPO USPO Transmit Frame 
X_UTFS_0 a GPIO GPIO Input, pull-down Sync/Smart Card RST output 


USPO 
X_URFS_0 eo ’s GPIO Input, pull-down USPO Receive Frame Sync 
GPIO 


USP1 USP1 Serial Clock/Smart Card 
X_USCLK_1 oa GPIO GPIO Input, pull-down Clock output 

USP1 USP1 Transmit Data/Smart 
X_UTXD_1 GPIO Input, pull-down Card bidirectional serial data 

GPIO inout 

USP1 
X_URXD_1 GPIO GPIO Input, pull-down USP1 Receive Data 

USP'1 USP1 Transmit Frame 
X_UTFS_1 Ea GPIO GPIO Input, pull-down Sync/Smart Card RST output 


USP1 
X_URFS_1 e ’s GPIO Input, pull-down USP1 Receive Frame Sync 
GPIO 


Table 482: USP External Pin Description 


NOTE - Each USP pin can be configured to USP or I/O functions. Firstly you should configure pins of 
USP to be USP function. If only one of the five pins is used for the serial interface, then the rest 
can be set to I/O mode through register USP_MODE_REG1.You can read or write the 
USP_PIN_iO_DATA register if you configure it to be INPUT or OUTPUT mode. 
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Functional Descriptions 
Block Diagram 


USP controller 


tx_fifo 
(128byte) 


ou Sis f~ as 
ais tx_fifo _ ctrl _interface wnat 
usp_tr_logic — 
P_W109 interface 
DMA 
hus rx_fifo _ctrl = dma_usprx mi USP 
_interface interface 


rx_fifo 
(128byte) 


Figure 74: Block Diagram of the USP 
Module Descriptions 


Top Level Description 
There are two USPs in SiRFatlasV (USPO0~1), each USP provides three interfaces: 


e RISC 
e DSP 
e DMA 


The SiRFatlasV USP can be accessed through either the I/O or DMA interface. In I/O mode, either RISC 
or DSP can access USP. In DMA mode however, it is controlled by the DMA controller in the I/O Bridge. 
Each USP can be independently configured to the DMA interface. 


Each USP have two DMA channels. Please refer to the section of “DMA Controller’ for more details. 

All registers can be accessed in I/O mode by the RISC or DSP, but not simultaneously. The register 
USP_RISC_DSP_MODE can only be written by the RISC; it determines whether the USP can be 
accessed and controlled by the RISC or DSP. If the bit is configured to 0, then RISC will access USP only. 


Because the DSP data bus is 16-bit, if DSP accesses the USP register, then it must access it two times in 
order to completely read or write a 32-bit register. 
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There are three methods for SiRFatlasV to access the TX_FIFO and RX_FIFO of USP: 


e = 1/O mode with Interrupt 
e 1/0 mode without Interrupt 
e DMAmode 


The TX_FIFO and the RX_FIFO can be accessed in I/O mode. Both TX_FIFO and RX_FIFO have the 
interrupt state registers that reflect their state. The operation in the I/O mode usually uses these interrupts 
to decide whether to write or read. If the DMA accesses TX_FIFO and the RX_FIFO, then they cannot be 
accessed by RISC or DSP. 


NOTE - In all three modes, before the transmitting operation begins, the TX_FIFO must be reset by 
setting the FIFO_RESET bit of the TX_FIFO_OP register to 1, and then it would be started by 
clearing FIFO_RESET and by setting the FIFO_START bit of the TX_FIFO_OP register. The 
same procedure can be applied to RX_FIFO before it is operated. 


e 1/0 mode with interrupt 


The I/O mode with interrupt is suitable for those time-sensitive, small-data cases. There are four 
interrupts for the transmit operation, TX_DONE, TXFIFO_SERVE, TXFIFO_EMPTY and 
TX_UFLOW. 


After data is put from TX_FIFO to tx_shifter and the transmitting operation starts, TX_DONE 
interrupt will occur. In addition, if the number of data in TX_FIFO is less than the parameter 
defined in the FIFO_THD bits of register USP_TX_FIFO_CTRL, then the TXFIFO_SERVE 
interrupt will take place. The TXFIFO_EMTPY interrupt will occur when TX_FIFO is empty. The 
TX_UFLOW interrupt is used in case of underflow while the transmitting operation is in progress. 


After enabling these interrupts, RISC/DSP can monitor them while transmitting data. If data is only 
transmitted one at a time, then the TX_DONE interrupt should be enough to handle this operation. 
However if several data needs to be transmitted, then the TXFIFO_SERVE interrupt or the 
TXFIFO_EMPTY interrupt would be useful to improve efficiency. When the TXFIFO_EMPTY 
interrupt takes place, software can write several new data into TX_FIFO. 


There are four interrupts for the receiving operation, RX_DONE, RXFIFO_SERVE, RXFIFO_FULL 
and RX_OFLOW. The receiving operation is similar to the transmitting. After an interrupt occurs, 
RISC/DSP will be able to read data out from RX_FIFO. Both the RXFIFO_SERVE and 
RXFIFO_FULL interrupts are useful for reading several data from the RX_FIFO at a time. 


e 1/0 mode without interrupt 


This mode is suitable for time-sensitive, small-data cases. RISC/DSP can poll the 
USP_TXFIFO_STATUS and USP_RXFIFO_STATUS registers before the transmitting or receiving 
operation. If TX_FIFO is not full or RX_FIFO is not empty, then RISC/DSP can write or read new 
data from ihe TX_FIFO or the RX_FIFO. 


e DMA mode 


This mode is suitable for large-data cases. If the transmitting/receiving FIFO is set to the DMA 
mode, then RISC/DSP will not be able to access the data. For the transmitting operation, first 
RISC/DSP will set the number of data to be transmitted in USP_TX_DMA_IO_LEN, then resets 
and starts the TX_FIFO, DMA can be started. The DMA controller will transfer data from the 
memory to TX_FIFO until all data has been transmitted. The DMA receiving operation is similar to 
the transmitting operation. The number of data to be received is stored in the 
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USP_RX_DMA_IO_LEN. DMA controller will read data from the RX_FIFO register to the memory 
until all data has been received. 


TX and RX FIFO 


TX and RX FIFO are the data FIFOs between the USP interface and the DMA interface or between the 
USP interface and the I/O interface (including both RISC I/O and DSP I/O). All data must be stored to 
these two FIFOs first, and then fetched by the RISC I/O interface, DSP I/O interface, DIMA interface or the 
USP interface. The FIFO size is 128 bytes. 


TX and RX DMA Interface 


Dma_usptx_interface and dma_usprx_interface are the bridges between usp_tr_ logic (the USP main 
logic block) and the FIFO controller. They transform the data protocol between the usp_tr_logic data 
interface and the FIFO controller data interface. There are no FIFOs in these two blocks. 


USP TR Logic 


Usp_tr_logic is the main logic block in the USP controller which includes four blocks: uart_bound, 
uart_reg_file, uart_tx and uart_rx. 


usp_tr_logic 


<+——-> DMA interface 


USP interface 


Risc io interface 
Clik uart_baud uart_reg_file 
DSP io interface 


DMA interface 
uart_tx 


USP interface 


Figure 75: usp_tr_logic Block Diagram 


e =uart_baud: 


The uart_baud block is the baud rate controller block; it generates different baud rate sync signals 
to the uart_tx and uart_rx block through different modes and baud rate configuration. The mode 
and coniiguration are inputs from the uart_reg_file block and set by either RISC or DSP. 


e uart_reg file: 


This block is the USP registers module; it includes all USP registers that can be accessed by 
RISC and DSP. This block outputs all USP control signals and inputs USP status signals. 


ee uart_rx: 


The uart_rx block is the USP receiving logic block. It receives data input from the USP port, then 
decodes the format, transforms serial data to parallel and transmits it to the USP RX FIFO. 
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e — uart_tx: 


The uart_tx is the USP transmit logic block. It gets data from USP TX FIFO and sends them to the 
USP port. The transmit data format is set by the RISC or DSP. 


Register Definitions 


Register Address Mapping 


Base Address 


Access Type Address Mapping 
0x300 
0x80010000 


0x380 
USP1 RISC I/O interface 0x80020000 


Table 483: USP Base Address 


Register Mapping 


Each USP in SiRFatlasV has the same set of registers, therefore the offset addresses are the same. 
The actual address of the USP register is equal to the USP base address plus the offset address: 


e USPO base address 0x80010000 
e USP1 base address 0x80020000 


The following table shows all USP registers and their offset addresses: 


RISC DSP I/O 

Address Address Register Description 

<11:0> <7:0> 
0x00~0x01 USP_MODE1 USP mode setting register 1 
0x02~0x03 USP_MODE2 USP mode setting register 2 


USP_TX_RX_ENABLE oo and receive enable 
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Address Address Register Description 
<11:0> <7:0> 


0x100 USP_TX_DMA_IO_CTRL USP TXFIFO DMA/IO register 
0x104 0x42~0x43 USP_TX_DMA_IO_LEN USP transmit data length register 


USP TXFIFO check level register 

USP TXFIFO operation register 
Ec a a 
EE a a 


Table 484: Address Mapping 
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Register Descriptions 
e USP Mode Register 1 (USP_MODE1) — RISC: 0x0, DSP: 0x0~0x1 


[ee [Name 


USP operation mode: 
0: Asynchronous mode 
1: Synchronous mode 


USP clock mode: 
0: Master mode 

If USP is in asynchronous mode, it must be set to 1. 
1: Slave mode, clock is input from other device 


SYNC_MODE 


CLOCK_MODE 


LOOP_BACK_EN 
HPSIR_EN 


USP transmit data loop back mode: 

0: No loop back 

1: Loop back (The receiving data comes from the transmit 
data.) 

IrDA function (SYNC_MODE must be set to 0): 

0: Disabled 

1: Enabled 


USP operation enable signal: 


0: Reset USP and its transmitted and received control 
registers 


1: The reset of all above registers will be released, and 
the USP can operate. 


USP_EN 


RXD_ACT_EDGE 
TXD_ACT_EDGE 
RFS_ACT_LEVEL 


9 (RW) | TFS_ACT LEVEL 


Receive data is driven at: 

0: SCLK rising edge 

1: SCLK falling edge 

Transmit data is driven at: 

0: SCLK rising edge 

1: SCLK falling edge 

Receive sync signal (RFS)/async start bit valid level: 
0: Logic 0 

1: Logic 1 

Transmit sync signal (TFS) valid level: 
0: Logic 0 

1: Logic 1 


In frame idle state, SCLK mode: 


Transmit/receive data endian mode: 
ENDIAN_CTRL 0: Big endian (MSB first) 
1: Little endian (LSB first) 


to SCLK_IDLE MODE 
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0: Stops and keeps the sclk idle level 
1: Continues to toggle 
In frame idle state, SCLK will stop at level: 


0: Logic 0 
1: Logic 1 


SCLK_IDLE_LEVEL 


SCLK pin operation mode: 
0: USP mode (SCLK) 
1: /O mode 


= 
De) 


RFS pin operation mode: 
0: USP mode (RFS) 
1: /O mode 


= 
[S%) 


TFS pin operation mode: 
0: USP mode (TFS) 
1: /O mode 


—_ 
AR 


RXD pin operation mode: 
0: USP mode (RXD) 
1: /O mode 


= 
ol 


= 
oO) 


SCLK pin input/output mode (when 
SCLK_PIN_MODE=1): 


0: Output mode 
1: Input mode 


= 
N 
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RFS pin input/output mode (when RFS_PIN_ MODE =1): 
0: Output mode 
1: Input mode 


=" 
foe) 


TFS pin input/output mode (when TFS_PIN_MODE =1) 
0: Output mode 
1: Input mode 


= 
oOo 


RXD pin input/output mode (when RXD_PIN_MODE =1): 
0: Output mode 
1: Input mode 


N 
j=) 


TXD pin input/output mode (when TXD_PIN_MODE =1): 
0: Output mode 
1: Input mode 


Nh 
= 


(Bae) 
= 
rere [no | TXD pin operation mode: 
TXD_PIN_MODE 1’bO 0: USP mode (TXD) 
1: /O mode 


IRDA_WIDTH_DIV 


IrDA_IDLE_LEVEL 


TX_UFLOW_REPEAT 


Table 485: USP Mode Register 1 


e USP Mode Register 2 (USP_MODE2) — 


TXD_DELAY_LEN 


ENA_CTRL_MODE 


FRAME_CTRL_MODE 
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The IrDA data pulse width register. If users want to 
transmit/receive 1.6us width data by setting the 
IRDA_DATA_WIDTH bit in USP_MODE2 register, then 
this register must be set according to the I/O clock 
frequency. 


IRDA_WIDTH_DIV=1.6us"fiock + 1 


IrDA received data IDLE level: 
0: Low level for idle state 
1: High level for idle state 


TX underflow repeat mode: 
0: Repeat the last transmitted data 
1: Repeat 0 


RISC: 0x4, DSP: 0x2~0x3 


Delay clock number between FS and the first receive 
data. It should be set to actual_delay_length in both the 
slave and master mode of RFS. 


The actual_delay_length should be at least 1. 


Delay clock number between FS and the first transmit 
data: 


When TES is slave, it must be set to 
actual_delay_length - 1 

When TES is master, it must be set to 
actual_delay_length 


The actual_delay_length should be at least 1. 


USP_TX_RX_ENABLE register operation mode: 


1’b0: TX_ENA/RX_ENA will not be cleared after the 
current operation is finished. The TX_ENA/RX_ENA bit 
only needs to be set once before multi-time 
transmit/receive operation begins. 

1’b1: The TX_ENA/RX_ENA bit in the 
USP_TX_RX_ENABLE register will be cleared 
automatically after the previous operation finishes, and 
TX_ENA/RX_ENA bit must be set before a new 
transmit/receive operation begins. 


USP transmit and receive operation control mode: 


0: New frame transmit/receive will begin only with new 
data in TX_FIFO. 


1: After the USP operation starts, frame 
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transmit/receive will continue to send data in 
USP_TX_DATA regardless of whether there is new 
data received. 

The sync signal source mode: 

0: TFS is generated by hardware 


1: TFS is generated by software from the upper 16-bit 
of the 32-bit data in TX_FIFO. 


Receive sync signal source mode: 
RFS_MS_MODE 0: RFS is in master mode and output 

1: RFS is in slave mode and input from an external 

device. 

Transmit sync signal source mode: 
TFS_MS_MODE 0: TFS is master mode and output 

1: TFS is slave mode and input from the external 

device 


USP serial clock divider. 
For ASYNC mode(General): 


USP_CLK_DIVISOR = FLOOR ( 


(2*tio_clock/ (baud * (ASYNC_DIV2+1)) + 1)/2-1 ) 
For Smart Card Mode 


USP_CLK_DIVISOR= FLOOR ( 


((2*USP_SM_CLK_DIV*F_div_D)/ (ASYNC_DIV2+1) 


USP_CLK_DIVISOR a ee 


NOTE - F_div_Dcomes from the software parameter, 
default is 372 

For SYNC mode: 

USP_CLK_DIVISOR = fio_clock/ (fsclk * 2) — 1 

Here 10bits are the lowest bits. 


The [11:10] bits are in the USP_TX_FRAME_CTRL 
register 


The highest four bits are in the 
USP_RX_FRAME_CTRL register 

IrDA logic 1 pulse width select (ASYNC_DIV2 must be 
set to 16 in IrDA mode): 

0: Data pulse width is 3/16 of a bit time wide. 

1: Data pulse width is 1.6 us. 


IRDA_DATA_WIDTH 


Table 486: USP Mode Register 2 
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e USP Transmit Frame Control Register (USP_TX_FRAME_CTRL) — RISC: 0x8, DSP: 0x4~0x5 
= fem 
7:0 


: Low byte of data length in one frame: 
TX_DATA _LENI7:0] ie a 
(RW) Must be set to actual_tx_data_length -1 
73 Valid length of transmitted sync signal (TFS) in one frame: 


Must be set to actual_tfs_valid_length -1 


Low byte of transmit frame length includes active state 
TX_FRAME_LEN[7:0] 8’hO and idle state: 
Must be set to actual_tx_frame_length -1 


Data length in the transmit shifter in one transmit 


TX_SHIFTER_LEN operation: 
Must be set to actual_ tx_shifter_length -1 


When sampling slave SCLK by I/O clock, setting this bit 
can avoid the glitch of the slave SCLK. 


0: No filters for glitch of slave clock and the fmax of the 
slave SCLK is 1/8 of I/O clock. 


1: Filter for glitch of slave clock and the fmax of slave 
SCLK is 1/10 of I/O clock. 


This is the two bit [11:10] of USP_CLK_DIVISOR in 
USP_CLK_DIVISOR eno | USP MODE2. 


Table 487: USP Transmit Frame Control Register 


SLAVE_CLK_SAMPLE 


In the ASYNC mode (RS232 or IrDA), this register has different meanings: 

TX_DATA_LEN = Data bit number — 1 

TX_FRAME_LEN = Start bit number + Data bit number + Stop bit number — 1 

TX_SHIFTER_LEN = Data bit number — 1 

The Parity bit is not supported in USP but is supported in the Smart Card mode. The Stop bit 


number does not support 1.5 bit and should be set to TXD_DELAY_LEN in the USP_MODE2 
register. 


NOTE - In Smart Card mode, the transmit data is always 8 bits wide with 1bit even parity bit: 


TX DATA LEN = 0x07 (7 oe eae data 


TX SYNC _LEN=0x09 (fi. stewe = 8 cata + 1 eywem peuriiey 


1 AMS IN = O09 + acieé loli mom //l Stame lowe + 8 Deca Bilt a i 
//parity + >=1 (guard + idle) 


TX SHIFTER _LEN=0x08 des, lenge) Jee te IL Swyisinl joenen Ey 
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e USP Receive Frame Control Register (USP_RX_FRAME_CTRL) — RISC: 0xC, DSP: 0x6~0x7 


7:0 Low byte of received data length in one frame: 
RX_DATA_LENI7:0] 8'hO we = ine 

(R/W) Must be set to actual_rx_data_length -1 

Low byte of received frame length includes active 


ae RX_FRAME_LEN[7:0] and idle state: 
Must be set to actual_rx_frame_length -1. 


20:16 Data length in the receive shifter in one transmit 
(R iW) RX_SHIFTER_LEN operation: 
Must be set to actual_rx_shifter_length -1. 


1’b0: USP will not change the input RFS signal. 
1’b1: USP has an |’S mode device and is working in 
I2S_SYNC_CHG the slave mode; it will change the input RFS signal 
into a DSP mode sync signal. Every frame |’S signal 
will be changed into two DSP mode sync signals 


Fame sync pin source select for RX: 
SINGLE_SYNC_MODE 0: From RFS 
1: From TFS 


21(RIW 


) 


N 
LD) 


Start bit edge dectect mode: 
0: dectect level for start bit 
1: dectect edge for start bit 


This bit should be configured with RFS_ACT_LEVEL 
to decide which level/edge of the start bit should be. 


(START_EDGE_MODE, RFS_ACT_LEVEL): 
(0,0): Low level 

(0,1): High level 

(1,0): Falling edge 

(1,1): Rising edge 


27:24 ; This is the four highest bit [15:12] of 
(RW) USP_CLK_DARSOR USP_CLK_DIVISOR in the USP_MODE2 


Table 488: USP Receive Frame Control Register 


START_EDGE_MODE 


In ASYNC mode (RS232 or IrDA), this register has different meanings: 
RX_DATA_LEN = Data bit number — 1 
RX_FRAME_LEN = Start bit number + Data bit number + Stop bit number — 1 


RX_SHIFTER_LEN = Data bit number — 1 
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The Parity bit is not supported in USP but is supported in Smart Card mode. The Stop bit number 
does not support 1.5 bit and should be set to TXD_DELAY_LEN in the USP_MODE2 register. 


NOTE — For Smart Card Mode, the received data is always 8-bit width with 1-bit even parity bit. 


RX DATA LEN = 0x07 //8 bit data 


RX FRAME LEN = O0x0a //1 Start bit + 8 Datel Blt + I “paeiity + 
//1 (guard //time) 


RX SHIFTER LEN=0x08 //8 data bit + 1 even parity 


e USP Transmit/Receive Enable Register (USP_TX_RX_ENABLE) — RISC: 0x10, DSP: 0x8 


If ENA_CTRL_MODE=0 (USP_MODE_REG2), the TX_ENA/RX_ENA bits will not be cleared 
automatically after Tx/Rx operation finishes; these bits only need to set one time before first Tx/Rx 
operation. 


If ENA_CTRL_MODE =1, the TX_ENA/RX_ENA bits will be cleared automatically after Tx/Rx 
operation finishes, they need to be set again before next iransmit/receive operation. 


RX_ENA/TX_ENA can be set according to the requirements of the USP that interfaces with 
external devices. 


[a [Name ———*( taut [eseripton 


Receive enable bit: 
0 (R/W) | RX_ENA 0: Disabled 
1: Enabled 


Transmit enable bit: 
1(R/W) | TX_ENA 0: Disabled 
1: Enabled 
Ee 


Table 489: USP Transmit/Receive Enable Register 


e USP Interrupt Enable Register (USP_INT_ENABLE) — RISC: 0x14, DSP: 0xA~0OxB 


eeu |[fenet gee 


Receive done interrupt enable: 
0 (R/W) RX_DONE_INT_EN 1’b0 0: Disabled (same for the bits below) 
1: Enabled (same for the bits below) 


Tm | ROONENTEN [700 [Treroritdoneneroterebe 
Paw [RCOFLOW.WTLEN [100 | Rexeheoverowinenterebe 
raw [HOROW_NT_AN [Too | Teronitunderowinerupterebe 
Fram [RXCO_OWA_WT_AN [Too [lOFDUA reve eratensbe 


August, 2010 SiRF Datasheet — Proprietary and Confidential 398 


DRAFT 


Sf SiRFatlasV 


pe ee AT551 Datasheet 


1’b0 USP RXD Rising edge when IDLE interrupt 
enable 


USP RX break interrupt enable 
Reserved, read as 16’h0 


Table 490: USP Interrupt Enable Register 


e USP Interrupt Status Register (USP_INT_STATUS) — RISC: 0x18, DSP: 0xC~0xD 
RISC/DSP writes a 1’b1 to the bit will clear that interrupt. 


[Bi [Wane [staat [Dessrnion 


Valid data has been received in the RXFIFO interrupt (valid 
data length is define by RXFIFO_WIDTH): 


0: Invalid 
1: Valid 


O(R/W) | RX_DONE 1’b0 


Valid data has been transmitted from the TXFIFO interrupt 
(valid data length is define by TXFIFO_WIDTH): 


0: Invalid 
1: Valid 


TXFIFO underflow interrupt: 
0: Invalid 
1: Valid 


3 (RW) | TX_UFLOW 
DMA_IO_RX 
A(R): |Gone 7 
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0: Invalid 
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TXFIFO has transmitted all data of the data package, the size 
of which is defined by USP_TX_DMA_IO_LEN_REG: 


0: Invalid 
1: Valid 


DMA_IO_TX_ 
DONE 


6 (R/W) | RXFIFO_FULL 
7 (RW) oe 
) 


RXFIFO_THD 
S(RMY): || REACH 


5 (RW) 


RXFIFO full interrupt: 
0: Invalid 
1: Valid 


TXFIFO empty interrupt (This will be asserted after power up): 
0: Invalid 

1: Valid 

It is the time to read USP_ RXFIFO when the number of data in 
USP_ RXFIFO reaches the threshold: 

0: Invalid 

1: Valid 


Receive an error UART frame interrupt: 

0: Invalid 

1: Valid 

If this bit is set to 1, there is no more new data received for the 


time specified by the timeout bit number in 
USP_AYSNC_PARAM_REG. 


10 (RW) ete 
USP_RX_TIM 
11(RW) | eouT 


12 (RIW) a aa 


If this bit is become 1, the data in both tx_fifo and tx shifter has 
been transmitted out: 


0: Disabled 
1: Enabled 


Reserved 


USP Plug-in valid status, if USP RX is in IDLE state and dectect 
a rising edge for rxd, this status will be set. 


0: Invalid 
1: Valid 


USP Rx break status 


If this bit becomes 1, the RXD line has become low level for at 
least 10 bits and the receiving action must be stopped. To 
correct this, disable the RX_ENA bit in the 
USP_TX_RX_ENABLE register, then wait for some time to 


3s |} OT 


14 (RW) UP RLUG| 


USP_RX_BRE 


15(RW) | ae - 


It is the time to write USP_TXFIFO when the number of data in 
SEROUS the USP_TXFIFO reaches the threshold. (This will be asserted 
C ; after power up.) 
bie aREACH mee 0: Invalid 
1: Valid 
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double check this bit. If no new break occurs, then enable 
RX_ENA and wait for some time to reset and restart RXFIFO, 
this will flush invalid data and prepare to accept new data. 

0: Invalid 

1: Valid 


<31:16> | 16'hO | Reserved, read as 16’hO 


Table 491: USP Interrupt Status Register 


e USP Pin I/O Data Register (USP_PIN_IO_DATA) — RISC: 0x1C, DSP: OxeE 


These bits can only be accessed by RISC or DSP when the corresponding USP pins are in I/O 
mode. 


[at [Rane [ont [oostpion—— 
0(R/W) | RFS_PIN_VALUE Pin value of GPIO function (RFS) 
1 (RW) | TFS_PIN_ VALUE Pin value of GPIO function (TFS) 
2(R/W) | RXD_PIN_VALUE Pin value of GPIO function (RXD) 
3 (RW) | TXD_PIN_VALUE Pin value of GPIO function (TXD) 
4(RIW) | SCLK_PIN_VALUE Pin value of GPIO function (SCLK) 


Table 492: USP Pin I/O Data Register 


e USP RISC/DSP Mode Register (USP_RISC_DSP_MODE) — RISC: 0x20, DSP: 0x10 
This register can only be written by RISC. For DSP, it is read-only. 


Description 


0: USP regist d by RISC. 
O(RMW) | RISC_DSP_SEL | 1’b0 i aaa: 
1: USP registers are accessed by DSP. 


Table 493: USP RISC/DSP Mode Register 


e USP ASYNC PARAMETER Register (USP_AYSNC_PARAM_REG) — RISC: 0x24, DSP: 0x12 
This register can only be written by RISC. For DSP, it is read-only. 


[Bi [Name —[etaut [Besarion 


This parameter specifies the TIMEOUT bit number for the 
receive operation. The RX timeout interrupt will be 
triggered if no more data is received from the timeout bit 
number time since the last bit is received. 


Aysnc_timeout_num 
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[Bi [Name _[Peteut [Desaipion SS 


The parameter is used to cooperate with the 
21:16 
ASYNC DIVv2 USP_CLK_DIVISOR in the USP_MODE2 register to 
(R/W) = generate the right baud rate for ASYNC mode when 
IOCLK is in low frequency. 


Table 494: USP ASYNC PARAMETER Register 


e USP IRDA X MODE Divider Register (USP_IRDA_X_MODE_DIV) — RISC: 0x28, DSP: 0x14 


am 0 This register is used Session the USP working in the IrDA 
vet ae Ope ey mode which a data in X_mode. 


Table 495: USP IRDA X MODE Divider Register 


e USP Smart Card Configure Register(USP_SM_CFG) — RISC: 0x2C, DSP: 0x16 


If the USP is configured as a Smart Card coniroller, then this register must be configured. This 
register is not used in other USP modes. 


[Bi [Name _—~[ aut [Beserpion SS 


This is active when USP_SM_EN is active; otherwise 
default value will be always kept. 


USP Smart Card Clock Generation divider, the output 
clock frequency is fio_cloc /(USP_SM_CLK_DIV+1) 


USP smart card mode enable 
1: Enabled 
0: Disabled 
When this bit is enabled: 

7(R/W) | USP_SM_EN 1’b0 X_USCLK_* will output the clock for Smart Card 
X_TXD will be configured to bi-directional pin 
PAD X_TXD is working with external pull up (about 
20k) 
Character repetition will be enabled automatically and 
the even parity will also be added automatically. 


USP_SM_Clk_div 


This is for clock stop mode when the USP is 
configured to a smart card interface device: 

a(R/w) | USP_SM_CLK STP | 1’b0 Peep cor 
0: Enable clock (default) 
When the clock is stopped, the default output value of 
CLK will come from SCLK_PIN_VALUE (bit 4 of 
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[Default |Description = 


USP_PIN_IO_DATA), in this case, SCLK pin should 
be ra al as GPIO mode. 


Table 496: USP Smart Card Configure Register 


e USP TX/RX Length High Register(USP_TRX_LEN_HI)-RISC: 0x30, DSP:0x18 


‘0 High byte of data length in one frame: 
TX_DATA_LEN[15:8] 8’hO 
/W) Must be set to actual_tx_data_length -1 
High byte of transmit frame length includes active state 


and idle state: 
Must be set to actual_tx_frame_length -1 


23:16 High byte of received data length in one frame: 
RX_DATA_LEN[15:8] ay in ca 
(RW) Must be set fo actual_rx_data_length -1 
High byte of received frame length includes active and 


idle state: 
Must be set to actual_rx_frame_length -1 


Table 497: USP TX/RX Length High Register 


e USP TX SYNC Length High Register(USP_TX_SYNC_LEN_HI)-RISC: 0x34, DSP:0xta 


Description 


High byte of valid length of transmitted sync signal (TFS) 
in one frame: 


Must be set to actual_tfs_valid_length -1 


Table 498: USP TX SYNC Length High Register 


e USP TX DMA I/O MODE Register (USP_TX_DMA_IO_CTRL) -RISC: 0x100, DSP: 0x40 


1 for I/O mode, 0 for DMA mode 


Table 499: USP TX DMA I/O MODE Register 
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e USP TX DMA I/O Length Register (USP_TX_DMA_IO_LEN) —RISC: 0x104, DSP: 0x42~0x43 


The total byte number of the data that can be transmitted by USP 
after it is enabled. 


31:0 DATA_LEN | 32°hffffftt 0: No limit, USP can eee data continuously uniil it is eu 
(RW) 0x1~32’hffffffff: only the given number of data can be transmitted. If 


there is more data to be transmitted, restarted the USP. 
It is recommended to set this field to 0. 


Table 500: USP TX DMA I/O Length Register 
e USP TX FIFO Control Register (USP_TX_FIFO_CTRL) —-RISC: 0x108, DSP: 0x44 


[name [Batu [Deserpion 


Data width of FIFO 
0: Byte 

1: Word 

2: DWORD 


8-2 A threshold in byte that triggers an interrupt. 
: FIFO_THD<6:0> 7hO An interrupt is triggered when data count in the FIFO 
reaches the threshold. 


Table 501: USP TX FIFO Control Register 


FIFO_WIDTH<1:0> | 2’h0 


e USP TX FIFO Level Check Register (USP_TX_FIFO_LEVEL_CHkK) —-RISC: 0x10C, DSP: 


0x46~0X47 

[ak [nae teenie 
4:0(RIW) _ | FIFO_SC<4:0> Stop checking in DWORD 

EE 


14:10 (RW) | FIFO_LC<4:0> Low check in DWROD 


24:20 (RW) | FIFO_HC<4:0> High check in DWORD 


Table 502: USP TX FIFO Level Check Register 
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e USP TX FIFO Operation Register (USP_TX_FIFO_OP) —RISC: 0x110, DSP: 0x48 
This register is different from other peripheral operation registers and the reset bit is bit 0. 


0 (RW) 


Description 


Set to 1 to stop FIFO and to reset the FIFO internal status, 
FIFO_RESET | 1’b0 


including interrupt status. 
Set to 0 in normal operation. 


1 (RW) | FIFO_START Start the read/write transfer when this bit is declared. 


Table 503: USP TX FIFO Operation Register 


e USP TX FIFO Status Register (USP_TX_FIFO_STATUS) —-RISC: 0x114, DSP: Ox4a 


[ei [Narw _[etut [Description 


The byte number of the valid data in the FIFO. If FIFO is full, 
. i the value of this register will be 0, thus the FIFO_FULL bit must 
oo) ereyer omg be concatenated with this value in order to determine actual 
data counts in the FIFO. 
; FIFO full status, FIFO is full when it is read out as 1. This bit is 
7AR) ApS uEe concatenated with FIFO_LEVEL as the actual FIFO data count. 
FIFO empty status. 
8 (R) FIFO_EMPTY 
Equivalent to (FIFO_FULL, FIFO_LEVEL) == 


se 23'hO | Reserved. 


Table 504: USP TX FIFO Status Register 


e USP TX FIFO Data Register (USP_TX_FIFO_DATA) -RISC: 0x118, DSP: Ox4c 


[ee [Name | Bataut [Dwserpton 


31:0 (W) | FIFO_DATA 32’h0 The FIFO data register, which is the bottom of TX_FIFO. 


Table 505: USP TX FIFO Data Register 
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e USP RX DMA I/O MODE Register (USP_RX_DMA_IO_CTRL) —RISC: 0x120, DSP: 0x50 


1: /O mode 
0: DMA mode 


RX FIFO read address[1:0] clear enable. When this 
bit is set to 1, hardware will automatically clear RX 
. FIFO read address[1:0] when IO_DMA_SEL is 
1 (RW ) FRADDR_CLR_EN | 1’b cleared from high level. 
0: Disabled 
1: Enabled 


0 (R/W |O_DMA_SEL 


Flushes the DMA receive FIFO in case the 
DATA_LEN set on the peripheral side does not match 
the DWORD size set in the DMA control. 


2 (RW) DMA_FLUSH 
3 (R/W) DMAIO _SW_EN 
1: Enabled 


Table 506: USP RX DMA I/O MODE Register 


RX FIFO DMA to !/O mode auto switch by hardware 
enable when RX time out. 


0 
0 
0 
: 0: Disabled 


e USP RX DMAI/O Length Register (USP_RX_DMA_IO_LEN) -RISC: 0x124, DSP: 0x52~0x53 


The total byte number of the data that can be received by USP 
after it is enabled. 


31:0 0: No limit, USP can receive data continuously until it is diabled. 


DATA_LEN 32 hf ffffftf i ; 
(RW) 7 Ox1~32’hffffffff: only the given number of datas can be received. If 


there is more data to be received, restart the USP. 


It is recommended that the user set this field to 0. 


Table 507: USP RX DMA I/O Length Register 
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e USP RX FIFO Control Register (USP_RX_FIFO_CTRL) —RISC: 0x128, DSP: 0x54 


Data width of FIFO 
0: Byte 

1: WORD 

2: DWORD 


A threshold in byte that triggers an interrupt. 


0 An interrupt is triggered when the data count in the FIFO 
reaches the threshold. 


Ee 2 


Table 508: USP RX FIFO Control Register 


e USP RX FIFO Level Check Register (USP_RX_FIFO_LEVEL_CHk) —-RISC: 0x12C, DSP: 
0x56~0X57 


[et [Wane _‘[efaut [Deserpon 
Ea 
‘ ) ee : 


24:20 (RW) | FIFO_HC<4:0> High check in DWORD 


Table 509: USP RX FIFO Level Check Register 


e USP RX FIFO Operation Register (USP_RX_FIFO_OP) —RISC: 0x130, DSP: 0x58 
This register is different from other peripheral operation registers and the reset bit is bit 0. 


[Name [Default |Description 
Set to 1 to stop the FIFO and reset the FIFO internal status, 
0 (R/W) | FIFO_RESET 1’b0 including interrupt status. 


Set to 0 in normal operation. 


1 (R/W) | FIFO_START Start the read/write transfer when this bit is declared. 


Table 510: USP RX FIFO Operation Register 
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e USP RX FIFO Status Register (USP_RX_FIFO_STATUS) -RISC: 0x134, DSP: 0x5a 


[Bi [None [Beout [Deserpion 


The byte number of the valid data in the FIFO. If FIFO is full, 
: ; the value of this register will be set to 0, thus the FIFO_FULL bit 
COR) FIEG_UTEVEL ee must be concatenated with this value in order to determine the 
actual data count in the FIFO. 


F FIFO full status. The FIFO is full when it is read as 1. This bit is 
uu) pe ee concatenated with FIFO_LEVEL as the actual FIFO data count. 
FIFO empty status. 
8(R) | FIFO_EMPTY pace 
Equivalent to (FIFO_FULL, FIFO_LEVEL) == 


a oo 


Table 511: USP RX FIFO Status Register 


e USP RX FIFO Data Register (USP_RX_FIFO_DATA) —RISC: 0x138, DSP: 0x5c~0x5d 


[Bi [Rare [beaut [Oescipion 


31:0 (R) | FIFO_DATA 32’h0 The FIFO data register, which is at the bottom of the RX_FIFO. 


Table 512: USP RX FIFO Data Register 


Audio Codec Interface 


Overview 


The SiRFatlasV Audio Codec interface can be used to connect to either AC97 or I’S type Codec. The 
pins of the AC97 Codec are shared with that of | S and will be configured as the right output or input 
when used by the corresponding interface. The ?S interfaces DA_DATA1 and DA_DATA2 pins are 
shared with USPO and USP1. When Audio controller works in I°S floating mode, which can be set by 
configure register CODEC_I2S_TX_RX_EN bit 5, | 7S DOUT pin X_AC97_DOUT is input. In this mode, 
7S will not drive the X_AC97_DOUT. 


The Audio Codec interface is controlled by RISC through the RISC I/O interface. Audio data transferred 
between memory and the Audio Codec interface is through the DMA channel. The Audio Codec interface 
supports both AC97 and |’S formats. These two formats cannot work simultaneously; users need to 
configure the audio Codec interface register in order to select the supported format. 


For |?S interface and AC97 PCM data streams, there are two DMA channels: 


e For PCM audio data in, it is channel 6. 
e For audio data out, it is channel 7. 


Users can configure this DMA setting for up to six-slot audio data playback. For audio input, SiRFatlasV 
only supports two-slot input. For AC97 I/F, there is an extra DMA channels for data in (channel 8). This 
DMA channel can be used for non-audio data input such as touch panel sample data. 
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The entire Audio Codec interface consists of four parts: 


e ARISC I/O interface (register files) 
e ADMA interface 

e AnAC97 controller 

e An/S controller 


Feature List 


e For the AC97 interface 
- Intel AC97 specification 2.2 compliant 
- Normal mode (48KHz) 
- 16-bit resolution 
— Stereo, mono data input or differential non-audio data such as touch panel data is supported 
- DMA/RISC I/O mode 
- Loop-DMA mode 


e For I’S interface 


- Both the I’S master and slave mode are supported. (The USP interface of SiRFatlasV only 
supports slave mode.) 


— 16-bit resolution 
- Loop-DMA mode 


Pin Descriptions 


External Pin Descriptions 


/0 Default Default Description 
Type Function | Status P 


BIT_CLK. 12.288M Clock signal input 
AC97 Input from external AC97 Codec. (This is the 
X_AC97_BIT_CLK ? AC97 clock signal generated by SiRFatlasV 
I's pull-down | or input from an external IS Codec. 
The frequency is programmable). 


Input AD_DATA. Serial sae inputO data 


SYNC. Fixed 48KHz frame signal for 
AC97 Input synchronization (Frame signal for 
X_AC97_SYNC 2 AC97 synchronization is generated by 
I's pull-down SiRFatlasV or input from an external 
’s Codec). 
DA_DATAO. Serial digital output data 
AC97 from AC97 Codec (Primary serial 
X_AC97_DOUT . AC97 output data to the external I°S Codec) 
i When Audio controller work in I?S 
floating mode, this pin is used as input. 


August, 2010 SiRF Datasheet — Proprietary and Confidential 409 


DRAFT 


DRAFT 
a — 


Death tone AT551 Datasheet 
Vo Default Default Dasennuon 
Type Function | Status P 


X_URFS_0 DA_DATA1, Serial digital output data 
(128 DOUT1) i GEIO from AC97 CODEC. 


’s 
X_URFS_1(I2S_D DA_DATA2, Serial digital output data 
OUT2) Gri from AC97 CODEC. 


Table 513: Audio External Pin Description 


Functional Descriptions 


Block Diagram 


RISC I/O 
interface 


Control register 


Aux-RX FIFO AC97 


controller 


SYNC 
DMA TX FIFO deal 
interface 64*32bit DA DATAO 
’s 
RX FIFO controller DA_DATAt1 
16*32bit DA_DATA2 
Figure 76: Block Diagram of the Audio 
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Module Descriptions 


Top Level of the Codec Interface 


This module is only used to connect the sub-module of the Codec interface. The sub-modules include a 
RISC interface, an AC97 interface, an I’S interface, a RX_FIFO interface, a TX_FIFO interface and an 
AUX_RX_FIFO interface. 


AC97 Codec Interface 


In the AC97 interface, SiRFatlasV operates as an AC97 Codec controller whose interface is a 4-wire 
digital serial interface (with BIT_.CLK, SYNC, SDATA_OUT and SDATA_IN). BIT_CLK and SDATA_IN 
are inputs from the external AC97 Codec chip, the SYNC and SDATA_OUT are generated by SiRFatlasV 
and output to an external Codec chip. This interface also allows the host (RISC) to read and write the 
internal registers of the Codec through AC97 frame. The AC97 interface supports normal mode (48 KHz). 


PS Codec Interface 


The I’S interface is a serial interface that includes BIT_CLK, FRAME_SYNC, AD_DATA, DA_DATAO, 
DA_DATA1 and DA_DATA2. Four of the six pins are shared with the AC97 Codec interface; DA_DATA1 
and DA_DATA2 are exclusively used by the | *§ interface. In this case, however, only AD_DATA is the 
input from external IS audio Codec chip. BIT_CLK, FRAME SYNC, DA_DATAO, DA_DATA1 and 
DA_DATA2 will be generated by SiRFatlasV and output to an external Codec chip. 


The sample frequency is programmable and the host (RISC) can determine the frequency of BIT_CLK 
and FRAME_SYNC. It can also separately turn on or off the left and right audio channels. ?S-format is 
supported. 


AD_DATA Input data 
SYNC Read/Write 
Control 


BIT_CLK 


DA_DATAO 
Output data 


DA_DATA1 


DA_DATA2 


Figure 77: ’S Controller Functional Block Diagram 


RISC I/O Interface 


In SiRFatlasV, the registers of audio codec controller interface occupy 64 KB of memory space ranging 
from 0x80060000 to Ox8006FFFF. 
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There are four groups of registers which are located in the register space with different offset address: 


e Audio Codec controller registers (address offset 0x0) 
e TX FIFO control registers (address offset Oxf80) 

e RXFIFO control registers (address offset OxfcO) 

e AUX RX FIFO control registers (address offset 0xB80) 


For the AC97 Interface, users can use the AC-Frame interface to program the external audio Codec 
registers in order to configure the external Codec working mode or query its status. RISC I/O accesses 
external audio Codec registers in no more than 2 frame time. 


Codec FIFO to DMA Interface 


The record DMA channel (channel 6) 
Memory The playback DMA channel (channel 7) CODEC 


controller 


Aux record DMA channel (channe! 8) FIFO 


Figure 78: Codec DMA Structure 


As shown in the figure above, there are 3 DMA channels in the Codec interface block. For the Playback 
DMA channel, users can configure the corresponding working mode register to enable to work in stereo 
and AC3 5.1 channel mode. For the Recode DMA channel, users may configure the corresponding 
working mode register to make it writing in the mono or stereo record mode. For the Aux Record DMA 
channel, users can only use it to sample one of the single-slot input AD data. 


AC97 Controller 


RISC Interface 


The AC97 CODEC block can be controlled by RISC. Users can use AC-Frame interface to program the 
external audio CODEC in order to configure the external CODEC working mode or to query external 
CODEC status. The RISC !/O accesses external audio CODEC registers in no more than 2 frame time. 


There are 3 register groups located in the register space with different offset addresses: 


e Audio CODEC controller registers 
e Primary FIFO control registers 
e Auxiliary F!FO control register 
Each corresponding part provides ports that can be accessed by RISC. 


External AC97 CODEC Register Operations 


AC-link slot 1 and slot 2 are used as AC97 command slots to control external AC97 CODEC features and 
monitor its status. The command port supports up to sixty-four 16-bit read/write registers, addressable on 
even-byte boundaries. 
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AC-link output frame from SiRFatlasV AC97 Controller interface to the AC97 Codec. Slot 1 indicates 
whether the current control transaction is a read or a write operation, as well as specifies the target 
register address. If it is a write operation, the output frame slot 2 will contain valid data, and the tag bit of 
slot 1 will be asserted. If it is a read operation, the tag bit of slot 2 will be de-asserted, and the data 
stream in slot 2 will be abandoned. 


AC-link input frame (from AC97 Codec to SiRFatlasV AC97 Controller interface) Slot 1 echoes the control 
register read address (bit 18 to bit 12), and for variable sample rate, it delivers request flags for all output 
slots (bit 11 to bit 2). The echoed address is valid only when slot 1 is tagged valid, but the request flags 
are independent of the tag bit. When slot 2 is tagged valid, the input frame Slot 2 will contain 16-bit 
control register read data. 


The AC-link output frame is illustrated in the following diagrams when the SiRFatlasV AC97 controller 
issues a control register read/write command. 


SYNC Dh cece - a {—— 


Slot 0 Slot 1 


amek JU UUU LE UU bby (| Lal L 


DA_DATA (1X1X0) OEIC 4 JOC AC ( a 


Frame Slot 1 Slot 2 Codec. Bit19 Bit 18:12 Bit 11:0 
valid ID read 1 reg addr RSVC,O 


Figure 79: AC-Link Output Frame Read Command Diagram 


SYNC J - eae 


Slot 0 ! Slot 1 i Slot 2 
BIT_CLK (( ((| (J UU U 1 Lf 
DA_DATA SFP REVEPARE oe ((XOXOK OKO) (Xe 


— Slot 4 Slot 2 Codec a 19 Bit 18:12 Bit 11:0 Bit 19:4 
ID writeO reg addr RSVC,0 write data 


Figure 80: AC-Link Output Frame Write Command Diagram 
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The following figure illustrates AC97 CODEC response with the control register read data. 


SYNC a ne. co! |e 


Slot 0 | Slot 1 Slot 2 


BIT_CLK JUUUUL UU UY Ly Phd UU Ly 
DA_DATA X_ COX OK OXOK  (X_ 
if CIN) ap!’ if 


Codec Bit 18:12 Bit 11:2 Bit 19:4 
Slot 1 Slot 2 : 
ready regaddr RSVC reg data 


i 


Figure 81: AC-Link Input Frame Command Diagram 


PCM Record 


The following figure shows the AC97 PCM record function block. There are two records mode, stereo 
mode and mono mode depending on the SiRFatlasV AC97 Controller configuration. 


AD_DATA 
PCM 
data 
SYNC 
White 
BIT_CLK contro! 


Figure 82: AC97 PCM Record Functional Block Diagram 


Data transfer over AC-link data is in serial mode. First SiRFatlasV AC97 controller converts the serial 
input data into 16-bit, which may be an AC-link tag, status address, status data, PCM left channel or right 
channel data. The BIT_CLK counter will then make the slot judgment. AC-link input slot 0 is the AC-link 
tag. The bits in the tag indicate whether the slots contain valid data. AC-link input slot 3 and 4 are PCM 
record left and right channel output of AC97’s input MUX, the post-ADC, and when bit 11 or bit 10 of AC- 
link tag are asserted, it will indicate that slot 3 or slot 4 contains valid PCM data. In 48 KHz sample rate, 
PCM left and right channels are always valid in each AC97 audio frame. 
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In stereo mode, 32-bit PCM data is made up of PCM left and right channels. Normally LSB 16-bit is left 
channel and MSB 16-bit right channel. In the interlace mode, the left channel is saved in MSB 16-bit while 
the right channel in LSB 16-bit. In mono mode, the 16-bit left or right channel data is first saved in LSB 
16-bit data format, then in MSB 16-bit format. 


The PCM record process is shown in the flowchart below. 


Read in tag 


Frame 
valid? 


: No 
Slot 3 valid? 


Read in PCM left channel 


Slot 4 valid? 
Read in PCM 
right channel 


Both left and right~_No 


channe! are valid? 


Slot 4 valid? No | | Write 32-bit data to FIFO 
Clear “left_channel_valid” 


Clear “right_channel_valid” 


Set “left_channel_ valid" 


Read in PCM right channel 
Set “right_channel_valid” 


Write data to 
FIFO 


Figure 83: AC97 PCM Record Flowchart 


Write data to 
FIFO 


PCM Playback 


The SiRFatlasV AC97 controller supports mono and stereo playback modes. When the AC97 CODEC 
works in 48 KHz mono mode, the SiRFatlasV CODEC controller will fetch 16-bit audio data from the 
memory to the corresponding left or right channel output. When it works in 48 KHz stereo mode, each 
audio output frame will contain both the left and right channels valid data. For the AC97 controller, 32-bit 
PCM data is fetched from the FIFO at 48 KHz for each frame. 
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PMA 
interface 


Read 
control 


Figure 84: AC97 PCM Playback Functional Diagram 


Auxiliary Data Input 


The user can program the AC97 controller to select the right slot for auxiliary data input. Regardless of 
the slot selected for carrying data, the input data will always be transferred to the memory through DMA 
channel 8. 


The data transfer over AC-link is in serial mode. First the SiRFatlasV AC97 controller converts the serial 
input data into 16-bit. The 16-bit data may be PCM data or other ADC sample data. Then the BIT_CLK 
counter will make the slot judgment. AC-link input slot 0 is the AC-link tag. The bits in the tag indicate 
whether the selected slot contains valid data. 


’S Controller 


The SiRFatlasV [’S Controller supports I?S-bus format with 16-bit word length. The clock and the SYNC 
signal can be set to both master and slave mode. 


In the master mode, the frequency of BIT_CLK is programmable and generated by the SiRFatlasV ’s 
controller by dividing the internal clock. In addition, SYNC is driven by the SiRFatlasV ?S controller and 
generated by counting BIT_CLK, which can set to 50% or not 50% duty cycle by adjusting the left channel 
clock number and whole frame clock number. SYNC frequency is the same as Codec sampling frequency. 
To get the right sampling rate, simply adjust the whole frame clock number. Refer to register 
CODEC_I?S_CTRL description in “Register Definitions” for more detail about how to configure I?S master 
mode clock. 


In the slave mode, BIT_CLK and SYNC signals are provided by the external I°S codec chip. The I’S 
controller samples the input BIT_CLK and SYNC. In this mode, the frequency of the I/O clock should be 
set 10 times of BIT_CLK. 


This I?S controller supports both 2-channel and 6-channel output and accepts 2-channel audio input data. 
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The I°S format is shown below: 


SYNC Left Right 
12 3 161 2 3 16 
aT_elk LT LU U UL, JUUUUUUL,, JUU $e 
(4 § ay 
on onm JOBEC "TQOOBEC QOB@C 
§§ STv, 
occas JOBEC QOOBECQO@EC 
j §§ 
DA_DATA2 \_ }{aseX 82 ) eee °C © ‘6 (_X_XesaXuse) 
j —S§ 
appara XX _ OO 8) OO 9 


Figure 85: I’S-Bus Format 


For the I°S controller interface, WS (Word Select) is synchronized with the falling edge of BIT_CLK. The 
input serial data AD_DATA is sampled on the rising edge of BIT_CLK. The output data is driven onto the 
DA_DATA bus on the falling edge of BIT_CLK. In I*S-bus format, data is driven onto the bus MSB first. 


All data transaction on the 7S digital serial bus is for audio data stream. 


The I?S Codec is different from AC97 Codec in that for the I?S Codec, BIT_CLK and frame rate are 
programmable and the sample frequency is tied to both BIT_CLK and the ?S frame clock number. For the 
AC97 Codec, BIT_CLK is fixed at 12.288 MHz while the frame rate is fixed at 48 KHz. For the ’s 
interface, all data transfer is audio daia stream, but for AC97, other than the audio data stream, the 
register control is handled through the AC-link. 


Interrupt Generation 


There are 3 DMA channels in the Codec interface and all CODEC interrupt is generated by the DMA 
interface. There are eight FIFO statuses which can trigger CODEC interrupts if they are not masked: 


e TX FIFO Full 

e TX FIFO Empty 

e TX FIFO Overflow 
e TX FIFO Underflow 
e RXFIFO Full 

e RX FIFO Empty 

e RX FIFO Underflow 
e RX FIFO Overflow 


When the TX FIFO Full status is indicated, if DMA interface continues to write audio data into TX FIFO, 
then a TX FIFO overflow will be triggered. In general interrupts will not occur because when the TX FIFO 
is full; the DMA request will not be generated, thereby guaranteeing no data written to the TX FIFO. 
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When the TX FIFO is in empty status and the DMA controller cannot serve the CODEC transmission 
channel, any further data requests from the audio CODEC will trigger a TX FIFO underflow interrupt. 
When the RX FIFO is in full state and the DMA controller cannot transfer data into memory, more audio 
input data stream will trigger RX FIFO overflow interrupts. 


Register Definitions 
Register Address Mapping 
Base Address 


Access Type Address Mapping 
RISC 1/O Interface 0x80060000 


Table 514: Audio Base Address 


Register Mapping 


RISC Address 
<11:0> 


0x0000 
0x0004 
0x0008 
0x0C~0x10 
0x001C 
0x0020 
0x0024 
0x0028 
0x002C 
0x0030 
0x0034 
0x0038 
0x003C 
0x0040~0x0BBC 
0x0BCO 


CODEC_SHARE Codec interface control register 
CODEC_I2S_ CTRL ?S interface control register 
CODEC _|I2S_TX_RX_EN ?S interface transfer enable register 


CODEC_AC97_CTRL AC97 interface control register 


CODEC_AC97_STATUS 
CODEC_RD_AC97REG_STS 
CODEC_RX_AUX_DMA_IO_CTRL Codec auxiliary RX FIFO mode selection 

CODEC_RX AUX FIFO_LEVEL_CHK 
CODEC_RX_AUX_FIFO_OP 
CODEC_RX_AUX_FIFO_STS 
CODEC_RX_AUX_FIFO_INT_EN 
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= 
a 
CODEC _RX FIFO_INT EN 


Table 515: Audio Register Address Mapping 


Register Descriptions 


e Codec share register (CODEC_SHARE) — 0x0 


Although the CODEC interface supports both AC97 and ?S audio formats, they however cannot 
work simultaneously. CODEC _SHARE is used to select whether ?S or AC97 will be used, it is 
also used to control whether the record or the playback channel in the Audio CODEC interface is 


enabled. 


Reserved 


Codec interlace mode selection: 


0: When record, the first sample (e.g. left channel) will be 
stored in LSB 16-bit, the second sample (e.g. right 


channel) will be stored in MSB 16-bit. When playback, play 
LSB 16-bit first. 


1: When record, the first sample (e.g. left channel) will be 
stored in MSB 16-bit, the second sample (e.g. right 
channel) will be stored in LSB 16-bit. When playback, play 
MSB 16-bit first. 
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AC97 AD wire status setting: 
1: AC97 AD input wire is shut down in the AC97 interface. 
0: AC97 AD input wire is enabled in the AC97 interface. 


By default, the AC97 AD wire is shut down before 
receiving signals through the AC97 Codec interface. User 
needs to clear this register bit. 


AC97 DA wire status setting: 
1: AC97 DA wire is shut down in the AC97 interface; the 
external AC97 CODEC interface receives no valid data 
streams, including the CMD data. 

1’b1 0: AC97 DA wire is enabled in the AC97 interface, the 
AC97 controller is allowed to be output to the external 
AC97 CODEC. 
By default, the AC97 DA wire is shut down, before 
outputting data to the AC97 Codec. User needs to clear 


5 (RW) | AC97_AD_IDLE 


6 (R/W) | AC97_DA_IDLE 


this register bit. 


Codec interface mode selection: 

0: Codec interface is in AC97 format. 

1: Codec interface is in I?S format. 

By default, the codec interface is the AC97 controller. 


For PCM DMA playback channel: 
0: ALAW expansion is enabled. 
1: ALAW expansion is disabled. 


) 
7 (RW) | I2S_AC97 
8 (R/W) | ALAW_EN 
9 (R/W) | ULAW_EN 0: ULAW expansion is enabled. 
1: ULAW expansion is disabled. 


Table 516: Codec Share Register (CODEC_SHARE) 


For PCM DMA playback channel: 


e Codec I*S Control Register (CODEC_I2S_CTRL) — 0x4 
This register is used to configure the IS controller: 


[ee] fame——~S~*dita ase 


7S work state control 


0 (RW) 2S SLV 0: Master mode, the BIT CLOCK and WS signals 
are provided by SiRFatlasV. 


1: Slave mode, the BIT CLOCK and WS signals 
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Fate providectby the external 5 Cover 
7S channel select: 
1 (R/W) I2S_SIX_CHN 0: Two channels 
1: Six channels 
Slave clock sample mode: 
2 (RW) I2S_GLITCH_FREE 0: Without glitch-free circuits 
1: With glitch-free circuits 
Loop-back mode for testing and the transmitted 
data is looped back to the receiving module, this 
3 (RW) 128 LOOP BACK is designed only for two-channel outputs: 
1: Loop back 
; The left channel clock number of the I?S frame 
aM) ee ea ren snr | which must be set to actual number -1 
. 2 ‘ 
14:9 (R/W) | 128 FRM_LEN 6'hif The entire I°S clock number which must be set to 
actual number -1 
The divider number of the |?S system clock from 
21:15 i°S CLOCK I2S_SYSCLK_DIV = fi2s_clock/ 
(RW) I2S_SYSCLK_DIV 9 (fi2ssys * 2) —1 
I?S_system clock means I’S mclk. 
When TXFIFO underflow happens, there will be 
possible cause channel disorder. Setting these 
two bits will avoid this. 
2’b00: Not mask TXFIFO read signal when 
TXFIFO underflow happens 
2’b01: Mask 2*frame times TXFIFO read signal 
when TXFIFO underflow happens (Used in 3 
channel playback mode) 
2’b10: Reserved 
2’b11: Mask 3*frame times TXFIFO read signal 
when TXFIFO underflow happens (Used in 6 
channel playback mode) 
31:24 128 BITCLK DIV 8’hO The divider number of I’S bit clock from I’S clock. 
(RW) = = 12S _BITCLK_DIV = fi2ssys / (fi2sbit * 2) — 1 
Table 517: Codec I’S Control Register (CODEC_I2S_CTRL) 


23:22(R/W) | AC97_FIFO_LEMPTY_CTRL | 2’b0 
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e Codec I’S Transmit/Receive Enable Register (CODEC_I2S_TX_RX_EN) —0x8 
Before enabling the I2S_TX_EN or I2S_RX_EN bit, you must first configure CODEC_I2S_ CTRL. 


[peccipion 


Receive enable bit: 
I2S_RX_EN 0: Disabled 
1: Enabled 


Transmit enable bit: 
) | 12S _TX_EN 0: Disabled 
1: Enabled 
?S mclk output enable bit: 
) | 128 _SYSCLK_EN 1’bO 0: Disabled 
1: Enabled 
7S system clock select: 
) | 2S _CLK_SEL 0: From PWM 
1: From ext-clk 


IS DOUT pin mode selection: 
0: X_AC97_DOUT is output. 
1: X_AC97_DOUT is input, floating mode. 


2 a 


Loop back the received data to the transmit port directly for 
testing purposes: 
31:30 00: Reserved 
(pny), || 2S Rect 20 | 04: rx to tx0 
10: rx to tx1 
11: rx to tx2 


Table 518: Codec I’S Transimit/Receive Enable Register (CODEC_I2S_TX_RX_EN) 


I2S_ FLOATING 


= = 
jez joy 
jo) jo) 


Sample configuration of I?S master mode clock: 


- Configure the source of PWM6 to PLL2 (take PLL2 freq is 664MHz for example) 

- Set PWM6 Wait=12 Hold=13 so the output of PWM6 is 664/(12+1+13+1)=24.5926MHz 
- Set I*S_SYSCLK_DIV=0 so MCLK=24.5926MHz/2*(0+1) =12.296MHz 

- Set I°S_BITCLK_DIV=3 so BITCLK=12.296MHz/2*(3+1) =1.537MHz 


-  Set?S _FRM_LEN =31 I12S_L_CHN_LEN=15 so SYNC=BITCLK/(I2S_FRM_LEN+1)=48K 


e Codec AC97 Control Register (CODEC_AC97_CTRL) — 0x1C 
This register is used to configure AC97 controller, including: 


- Left and right channel controls 


August, 2010 SiRF Datasheet — Proprietary and Confidential 422 


DRAFT 


SA SiRFatlasV 


Dad icenaes AT551 Datasheet 


- AC97 Codec warm wake controls 
- AC-link output frame controls 


[Beau [Descipion 


AC97 warm wake control: 
1: Warm wake AC97 codec. 
4(RIW) | WARM_WAKE._ | 1’b0 0: Exit warm wake-up mode. 
WARM_WAKE should be set when BIT CLK is absent. The 


asserted WARM_WAKE signal set the SYNC to be HIGH to 
bring AC97 Codec out of halted or low-power mode. 


AC9Q7 interface start controls: 

1: Start AC97 interface. 

Before the AC97 interface is started, users need to enable the 
channel, and once AC97_START is asserted, the AC97 
interface will begin to work. 


fee [dT Reson 


1: Indicates the AC97 interface will output valid data through 
Slot 2 in the next output frame. 
13 ; 0: Indicates that the Slot 2 in the next output frame will be 
(RW) DA Slot2 Tag 1’hd dicabled. 
After the command data is written to AC97 Codec, the tag bit 
will be cleared by hardware. 
1: Indicates the AC97 interface will output valid data through 
Slot 1 in the next output frame. 
14 ; 0: Indicates that in the next output frame Slot 1 output is 
(RW) DA Slot1 Tag 1’ho ficahlad. 
After the command is sent to AC97 Codec, this bit will be 
cleared by hardware. 
1: Indicates the output frame contains the valid data. 
15 0: Indicates the output frame is invalid. 
(RW) DA Frame Valid | 1°hO After the AC97 playback channel is initialized, the Frame_valid 
bit should be set. Otherwise, AC97 Codec will abandon all 
output frames from the AC97 interface. 


= 


Table 519: Codec AC97 Control Register (CODEC_AC97_CTRL) 


e Codec AC97 Command Register (CODEC_AC97_CMD) — 0x20 


For writing the command register, it will depend on the settings of the Ox1c write command 
register and the Ox3c target_reg_sel register. The tag bits in the output frame slotO (Bit [14], Bit 
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[13]) will be different in these two operations; however the data and the address will be the same. 
The command data and the address will be sent out according to Ox1c. 


[se [Name _[ooout [Onscrpion 
rom | ____|aw [Reseed 


) 
Command type: 
15 (R/W) CMD_TYP 1’b0 1: Reads AC97 Codec status commands. 
0: Writes AC97 Codec control register commands. 
31:16 (RAW) | AC97_CMD_DATA | 16’h0 AC97 Codec control register write data. 


Table 520: Codec AC97 Command Register (CODEC_AC97_CMD) 


14:8 (R/W) | AC97_CMD_ADDR The operation address of register in AC97 Codec chip 


e Codec AC97 Input Frame Tag Register (CODEC_AC97_AD_TAG) — 0x24 


This is a read-only register; the tag of the AC-link input frame is saved into this register. It can be 
used to judge whether AC97 Codec is ready. 


Reserved 


AC97 input frame valid tag: 
1: Codec Is ready. 


Table 521: Codec AC97 Input Frame Tag Register (CODEC_AC97_AD_TAG) 


e Codec AC97 CMD data register (CODEC_AC97_STATUS) — 0x28 


When reading the contro! register from the AC97 Codec interface, the read data is saved in this 
register which contains 16-bit control register read data from AC97 Codec and its register index. 


AC97 Codec register address. 


31:16 (R) AC97_CMD_DATA | 16’hO AC97 Codec register read data. 


Table 522: Codec AC97 CMD Data Register (CODEC_AC97_STATUS) 
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e Codec AC97 Status Read Control Register (CODEC_ RD_AC97REG_ STS) — 0x2C 


This register is used to monitor AC97 Codec command ports (slot 1 and slot 2) and the I/O status 
port (slot 12). 


[si [Nave __—‘[Botut [Descipion 


Reads AC97 external register status bit: 
1: AC97 Codec has delivered the read register data, the data 
AC97 RD REG and echoed address is saved in CODEC_AC97_STATUS. 
O(RW) | otg7~ ~~ =«&*10 0: AC97 Codec delivers no status data. 
Before issuing a read command to AC97 Codec, users need 
to write 1’b1 to clear its status (This bit will be set to zero 
when writing 1’b1). 


Writes the AC97 external register status bit: 


AC97_CMD_REG 1: AC97 Codec is writing the external register, the next write 
_STS operation cannot be carried until this bit is cleared. 


0: AC97 Codec can carry out the write operation. 


EC 
4:3(R) | CODEC_ID CODEC_ID should be always set to 2'b00. 


Table 523: Codec AC97 Status Read Control Regisiter (CODEC_ RD_AC97REG_ STS) 


e Codec AC97 Output Slot Selection Register (CODEC_TXSLOT_EN) — 0x34 


[ee [Name = Datu [Deserpion 


AC97 output slot selection (up to 6 slots can be valid) 
0: Slot output is disabled 
1: Slot output is enabled 
Bit 0: Output frame Slot3 selection 
Bit 1: Output frame Slot4 selection 
Bit 2: Output frame Slot5 selection 
9:0 (R/W) | CODEC_TXSLOT_EN Bit 3: Output frame Slot6 selection 


Bit 4: Output frame Slot7 selection 
Bit 5: Output frame Slot8 selection 
Bit 6: Output frame Slot9 selection 
Bit 7: Output frame Slot10 selection 
Bit 8: Output frame Slot11 selection 
Bit 9: Output frame Slot12 selection 


TG 


Table 524: Codec AC97 Output Slot Selection Register (CODEC_TXSLOT_EN) 
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e Codec ACQ97 Input Slot Selection Register (CODEC_RXSLOT_EN) — 0x38 


[be [Name Beeut [Deseepton 


AC97 input slot selection (Maximum 2 slots allowed to 

be valid). 

0: Slot input is disabled 

1: Slot input is enabled 

Bit 0: Input frame Slot3 selection 

Bit 1: Input frame Slot4 selection 
9:0 Bit 2: Input frame Slot5 selection 
(RW) core EN aa Bit 3: Input frame Slot6 selection 

Bit 4: Input frame Slot7 selection 

Bit 5: Input frame Slot8 selection 

Bit 6: Input frame Slot9 selection 

Bit 7: Input frame Sloti0 selection 

Bit 8: Input frame Slot11 selection 

Bit 9: Input frame Slot12 selection 


TT) EE 


This bit is set for AC97 to work in the Mono mode, if this 
bit is set to 1, then only one slot is allowed to be 

31 MONO MODE 1’b0 enabled in this register bit[9:0]. 

es) ~ 4'b0: AC97 is not working in MONO_MODE. 
1’b1: AC97 is working in MONO_MODE. 


Table 525: Codec AC97 Input Slot Selection Register (CODEC_RXSLOT_EN) 
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e Codec AC97 Input Auxiliary Slot Selection Register (CODEC_AUX_RX_EN) — 0x3C 


[Bt [Nane__[Beteut [Desernion 


AC97 input slot selection (only 1 slot can be valid.) 
0: Slot input is disabled 

1: Slot input is enabled 

Bit 0: Input frame Slot3 selection 

Bit 1: Input frame Slot4 selection 


Bit 2: Input frame Slot5 selection 
CODEC_AUX_RX 


9:0 (R/W) EN = 10°hO Bit 3: Input frame Slot6 selection 
~ Bit 4: Input frame Slot7 selection 


Bit 5: Input frame Slot8 selection 
Bit 6: Input frame Slot9 selection 
Bit 7: Input frame Slot10 selection 
Bit 8: Input frame Sloti1 selection 
Bit 9: Input frame Siot12 selection 


arenes 
AUX_SAM_EN Auxiliary input data sample enable 


Table 526: Codec AC97 Input Auxiliary Slot Selection Register (CODEC_AUX_RX_EN) 


NOTE -This register is used for sampling auxiliary input data. The sampled data can be either 
audio or non-audio data. 


e Codec Auxiliary RX_FIFO DMA I/O Control Register (CODEC_RX_AUX_DMA_IO_CTRL) — 
0xBCO 


=e 


4: /0 mod 
0 (RW) | IO_DMA_SEL ee 

0: DMA mode 

1: Read fi DEC 
4 (RW) | 1O_DMA.RW sans als take 

0: Write to CODEC 


Flushes the DMA received FIFO in case the DATA_LEN set at 
2 (R/W) | DMA_FLUSH 1’b0 the peripheral side does not match the DWORD size set in the 
DMA cortrol. 


Table 527: Codec Auxiliary RX_FIFO DMA I/O Control Register (CODEC_RX_AUX_DMA_IO_CTRL) 
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e Codec Auxiliary RX_FIFO Level Check Register (CODEC_RX_AUX_FIFO_LEVEL_CHk) — 
OXBCC 


[Name ‘teat [Oescinon 
en 
310) 


were) [demo evens 


23:20 (RW) | FIFO_HC High check in DWORD 
Ec 


Table 528: Codec Auxiliary RX_FIFO Level Check Register (CODEC_RX_AUX_FIFO_LEVEL_CHK) 


e Codec Auxiliary RX_FIFO Operation Register (CODEC_RX_AUX_FIFO_OP) — OXBDO 


[sit [Nane 
0 (R/W) | FIFO_START Starts the read/write transfer when this bit is declared. 


Internally linked to FIFO_START_INI. 
1 (RW) | FIFO_RESET | 1’b0 Set this bit to 1 to stop the FIFO and reset the FIFO internal 


status, including its relevant interrupt status. 
Set it to 0 in normal operation. 


sam |__| ro 


Table 529: Codec Auxiliary RX_FIFO Operation Register (CODEC_RX_AUX_FIFO_OP) 


e Codec Auxiliary RX FIFO Status Register (CODEC_RX_AUX_FIFO_STS) — 0xBD4 


[ee [Nane (Bout [Beseriion SS 


Auxiliary RX FIFO full status: 
1: AUX RX FIFO is in full state. 


It indicates the current auxiliary RX FIFO full status. 
Once the FIFO status is changed, the status bit will be 
cleared. 


Auxiliary RX FIFO empty status: 
1: AUX RX FIFO is in empty state. 


RX AUX FIFO EMPTY 0: AUX RX FIFO is not in empty state. 


It indicates the current auxiliary RX FIFO empty status, 
once the FIFO status is changed, the status bit will be 
cleared. 


2 (RW) | RX_AUX_FIFO_OFLOW Auxiliary RX FIFO overflow status: 
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1: AUX RX FIFO overflow takes place. 
0: AUX RX FIFO is not overflowed. 


Users can write 1’b1 to clear the register bit after the 
RX FIFO overflow takes place. 


Auxiliary RX FIFO underflow status: 
1: AUX RX FIFO underflow takes place. 
1'b 0: AUX RX FIFO is not underflow. 
Users need to write 1’b1 to clear the register bit after 
the auxiliary RX FIFO underflow takes place. 
Auxiliary RX FIFO overflow interrupt: 

1’b 


1: Auxiliary RX FIFO overflow interrupt takes place 
0: Auxiliary RX FIFO overflow interrupt not takes place 


RX_AUX_FIFO_OFLOW 
_INTR 


Need write 1 to clear this bit. 


Auxiliary RX FIFO underflow interrupt: 
1: Auxiliary RX FIFO underflow interrupt takes place. 


0: Auxiliary RX FIFO underflow interrupt not takes 
place. 


Need write 1 to clear this bit. 


Table 530: Codec Auxiliary RX FIFO Status Register (CODEC_RX_AUX_FIFO_STS) 


RX_AUX_FIFO_UFLOW 


0 
0 
_INTR 


e Codec Auxiliary RX FIFO Interrupt Enable Register (CODEC_RX_AUX_FIFO_INT_EN) — 0xBD8 


[Default | Description 
4’b0 1: AUX RX FIFO full interrupt is enabled. 
0: AUX RX FIFO full interrupt is disabled. 
1: AUX RX FIFO empty interrupt is enabled. 
4 (RW) | RX_AUX_FIFO_EMPTY_EN | 1’b0 ee 
0: AUX RX FIFO empty interrupt is disabled. 


0 (R/W) | RX_AUX_FIFO_FULL_EN 


2 (RW) | RX_AUX_FIFO_OFLOW_EN 


3 (RW) | RX_AUX_FIFO_UFLOW_EN 


1: AUX RX FIFO overflow interrupt is enabled. 
0: AUX RX FIFO overflow interrupt is disabled. 
1: AUX RX FIFO underflow interrupt is enabled. 


0: AUX RX FIFO underflow interrupt is disabled 


Te 


Table 531: Codec Auxiliary RX FIFO Interrupt Enable Register (CODEC_RX_AUX_FIFO_INT_EN) 
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e Codec TX_FIFO DMA I/O Control Register (CODEC_TX_DMA_IO_CTRL) — OxF80 
— 
1: /O mode 
0: DMA mode 
1: Read from CODEC 
oo oo IO _DMA_RW : 
0: Write to CODEC 


0 (R/W) | IO_DMA_SEL 


Flushes the DMA received FIFO in case the DATA_LEN set at 
the peripheral side does not match the DWORD size set in the 
DMA control. 


ef} 


Table 532: Codec TX_FIFO DMA I/O Control Register (CODEC_TX_DMA_IO_CTRL) 


2 (R/W) | DMA_FLUSH 


e Codec TX_FIFO Level Check Register (CODEC_TX_FIFO_LEVEL_CHk) — OxF8C 


a a 
Cs a 
ee ee 
EE Co 


Table 533: Codec TX_FIFO Level Check Register (CODEC_TX_FIFO_LEVEL_CHk) 


e Codec TX_FIFO Operation Register (CODEC_TX_FIFO_OP) — OxF90 


[eit [Name [Defaut [Descrinion 
0 (R/W) | FIFO_START Starts the read/write transfer when this bit is declared. 


Internally linked to FIFO_START_INI 


Set it to 1 to stop the FIFO and reset the FIFO internal status, 
including its relevant interrupt status. 


Set it to 0 in normal operation. 


sam [|r 


Table 534: Codec TX_FIFO Operation Register (CODEC_TX_FIFO_OP) 


1 (RW) | FIFO_RESET 
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e Codec TXFIFO Status Register (CODEC_TX_FIFO_STS) — 0xF94 
This register indicates TX FIFO status. 


TX FIFO full status: 
1: TX FIFO is in full state. 
0: TX FIFO is not in full state. 


It indicates the current TX FIFO full status, once the 
FIFO status is changed, the siatus bit will be cleared. 


TX_FIFO_FULL 


1(R) | TX_FIFO_EMPTY 


TX FIFO empty status: 
1: TX FIFO is in empty state. 
0: TX FIFO is not in empty state. 


It indicates the current TX FIFO empty status, once the 
FIFO status is changed, the status bit will be cleared. 


TX FIFO underflow status: 
1: TX FIFO underflow takes place. 
0: TX FIFO is not underflow. 


User needs to write 1’b1 to clear the register bit after 
the TX FIFO underflow takes place. 


TX_FIFO_UFLOW 


TX FIFO overflow interrupt: 

1: TX FIFO overflow interrupt takes place 
TX_FIFO_OFLOW_INTR 

0: TX FIFO overflow interrupt not takes place 


Need write 1 to clear this bit. 


TX FIFO underflow interrupt: 
1: TX FIFO underflow interrupt takes place 
TX_FIFO_UFLOW_INTR 
= fe = 0: TX FIFO underflow interrupt not takes place 


Need write 1 to clear this bit. 


Table 535: Codec TXFIFO Status Register (CODEC_TX_FIFO_STS) 


TX FIFO overflow status: 
1: TX FIFO overflow takes place. 
) | TX_FIFO_OFLOW 1’b0 0: TX FIFO is not overflow. 
Users can write 1’b1 to clear the register bit after the TX 
FIFO overflow takes place. 
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fet [Name 
1: TX FIFO full interrupt is enabled. 

0: TX FIFO full interrupt is disabled. 

1: TX FIFO empty interrupt is enabled. 

0: TX FIFO empty interrupt is disabled. 

1: TX FIFO overflow interrupt is enabled. 

0: TX FIFO overflow interrupt is disabled. 

1: TX FIFO underflow interrupt is enabled 


0: TX FIFO underflow interrupt is disabled 


e Codec TXFIFO Interrupt Enable Register (CODEC_TX_FIFO_INT_EN) — OxF98 
O(R/W) | TX_FIFO_FULL_EN 


2(RMW)_ | TX_FIFO_OFLOW_EN 


3 (RW) | TX_FIFO_UFLOW_EN 


| Default 


0 
0 
0 
0 


Table 536: Codec TXFIFO Interrupt Enable Register (CODEC_TX_FIFO_INT_EN) 


e Codec RX_FIFO DMA I/O Control Register (CODEC_RX_DMA_IO_CTRL)-— 0xFCO 


[Name [Default | Description 


1: Read from CODEC 
0: Write to CODEC 


Flushes the DMA receive FIFO in case the DATA_LEN set at 

2 (R/W) | DMA_FLUSH 1’b0 the peripheral side does not match the DWORD size set in the 
DMA cortrol. 

eo) 


Table 537: Codec RX_FIFO DMA I/O Control Register (CODEC_RX_DMA_IO_CTRL) 


4: /0 mod 
O(RMW) | 1O_DMA SEL | 1'b0 7~\* 

0: DMA mode 
ora 


e Codec RX_FIFO Level Check Register (CODEC_RX_FIFO_LEVEL_CHk) — OxFCC 


[ak [ne [tt [eon 
3:0 (RW) FIFO_SC Stop check in DWORD 
CT ES 


13:10(RW) | FIFO_LC Low check in DWROD 
TC 
23:20 (RW) | FIFO_HC High check in DWORD 
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Table 538: Codec RX_FIFO Level Check Register (CODEC_RX_FIFO_LEVEL_CHK) 


e Codec RX_FIFO Operation Register (CODEC _RX_FIFO_OP) — 0xFDO 


[eit [Name [efaut [Description 
0 (R/W) | FIFO_START Starts the read/write transfer when this bit is declared. 


Internally linked to FIFO_START_INi. 


Set to 1 to stop the FIFO and reset the FIFO internal status, 
including its relevant interrupt status. 


Set to 0 in normal operation. 


Table 539: Codec RX_FIFO Operation Register (CODEC_RX_FIFO_OP) 


e Codec RXFIFO Status Register (CODEC_RX_FIFO_STS) — OxFD4 
This register indicates the RX FIFO status: 


RX FIFO full status: 
1: RX FIFO is in full state. 
RX_FIFO_FULL 0: RX FIFO is not in full state. 


It indicates the current RX FIFO full status, once the 
FIFO status is changed, the status bit will be cleared. 


RX FIFO empty status: 
1: RX FIFO is in empty state. 

RX FIFO EMPTY 0: RX FIFO is not in empty state. 
It indicates the current RX FIFO empty status, once 
the FIFO status is changed, the status bit will be 
cleared. 


RX FIFO overflow status: 

1: RX FIFO overflow takes place. 
RX_FIFO_OFLOW 0: RX FIFO is not overflow. 

User can write 1’b1 to clear the register bit after the 

RX FIFO overflow takes place. 

RX FIFO underflow status: 
RX_FIFO_UFLOW 1: RX FIFO underflow takes place. 

0: RX FIFO is not underflow. 
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RX FIFO overflow interrupt: 

1: RX FIFO overflow interrupt takes place 
RX_FIFO_OFLOW_INTR | 1’b 

0: RX FIFO overflow interrupt not takes place 

Need write 1 to clear this bit. 


Users need to write 1’b1 to clear the register bit after 
the RX FIFO underflow takes place. 


0 
RX FIFO underflow interrupt: 

0 1: RX FIFO underflow interrupt takes place 
0: RX FIFO underflow interrupt not takes place 
Need write 1 to clear this bit. 


Table 540: Codec RXFIFO Status Register (CODEC_RX_FIFO_STS) 


RX_FIFO_UFLOW_INTR 


e Codec RXFIFO Interrupt Enable Register (CODEC_RX_FIFO_INT_EN) — OxFD8 
ret] [Befaut [Bescrnfon 
4’b0 1: RX FIFO full interrupt is enabled. 
0: RX FIFO full interrupt is enabled. 
, 1: RX FIFO empty interrupt is enabled. 
1 (R/(W) | RX_FIFO_EMPTY_EN | 1’b0 ay 
0: RX FIFO empty interrupt is disabled. 
*p0 


0 (RW) | RX_FIFO_FULL_EN 


2 (R/W) | RX_FIFO_OFLOW_EN 
1: RX FIFO underflow interrupt is enabled. 

3 (R/W) | RX_FIFO_UFLOW_EN j 1 a 
0: RX FIFO underflow interrupt is disabled. 

1 Sa 


Table 541: Codec RXFIFO interrupt Enable Register (CODEC_RX_FIFO_INT_EN) 


1: RX FIFO overflow interrupt is enabled. 
0: RX FIFO overflow interrupt is disabled. 


DAC Interface 


Overview 


DAC interface is a digital Virtual Component. The DAC architecture uses entirely digital approach to 
convert digital source input to PWM signal output. 


Feature List 


e |?S master mode (16 bits) 
e Supports 8k, 11.025k, 12k, 16k, 22.05k, 24k, 32k, 44.1k. 48k. 64k, 88.2k and 96k sample rate. 
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e Programmable volume control: +6dB to -100dB in 1dB steps. 
e Support speaker and headphone mode. 


Pin Descriptions 


External Pin Descriptions 


inputand dak , Logic output for speaker. 
nput and interna 
X_URXD_1 VO | spk_p USP1 | oll down DAC shares this pin with 
USP1. 
Complementary output for 
Input and internal | Speaker. 
X_UTFS_1 {@) spk_n USP1 
= = aS pull down DAC shares this pin with 
USP1. 
Left channel data of 
headphone. 
X_UTXD_1 headphone | yspy Input j a 
_! DAC shares this pin with 
USP1. 


Right channel data of 
headphone. 
X_USCLK_1 headphone | yspy Input ‘ a 
ms DAC shares this pin with 
USP1. 
X_AC97_BIT_CL 
K /0 bclk AC97 Input AC97 clock. 
X_AC97_SYNC 
/O AC97 Output low AC97 sync signal. 


Table 542: DAC External Pin Descriptions 
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System I/O Bus 


| Register Bridge 


Ac CLK 
+ 


Speaker and headphone output 


Figure 86: DAC Block Diagram 


The DAC interface shares the same clock with the audio interface. 

It uses the external XIN (24MHz) as the working clock (MCLKk). 

The register access is through an internal register bridge. It transfers the IOBUS to the internal register 
access interface. IOCLK will be divided according to the register setting and send the output to DAC 
module as MC_CLK (working clock of internal register access). 

The DAC interface generates the 7S clock and sync signal according to the selected sample clock and 
send to the internal I’S interface. |°S interface fetch the output audio data from the external memory 
through DMA controller and send the data to the DAC interface. 

The DAC interface receives the audio data through the I?S bus and converts it to the PWM format. 

It supports speaker and headphone mode. Only one mode is available at one time. 

DAC interface generates four output signals, PWMLP/PWMLN (left channel PWM_ data), 
PWMRP/PWMRN (right channel PWM data). It will be sent to the different pad according to the working 
mode. 


In speaker mode, PWMLP and PWMLN will send to X_URXD_1 and X_UTFS_1 as speaker output. 


In headphone mode, PWMLP and PWMRP will send to X_UTXD_1 and X_USCLK_1 as headphone 
output. 
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Register Definition 


Register Address Mapping 


Base Address 


Access Type Address Mapping 


DAC base address through RISC I/O 0x80068000 


Table 543: DAC Address Mapping 


Register Mapping 


‘sm 


Table 544: DAC Register Definition 


Register Descriptions 


e DAC Bridge Operation Type Register (DAC_BG_OP) — RISC: 0x8000 


00: IDLE 
01: Reserved 
10: Read 


OP_TYPE | 2’p0 = | 11: Write 
Write 10 or 11 will cause the bridge to start operation. If the 
operation is finished, these two bits will be cleared to 00 


Reference wait time (read 8*Tioclk, write 8*Tioclk). It is about 
64ns when IOCLK works at 125MHz frequency. 
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ee 


Table 545: DAC Bridge Operation Type Register 


e Operation Address Register (DAC_BG_ ADDR) — RISC : 0x8004 


sit 
5:0 


(RIW OP_ADDR Address of the register in DAC 
Se Ee Es 


Table 546: Operation Address Register 


e Write Data to Write Register(DAC_BG_WDATA) -— RISC: 0x8008 


ee 
7:0 


(RIW OP_WDATA Data to write to DAC 
re 


Table 547: Write Data to Write Register 


e Read Data Register (DAC_BG_RDATA)-— RISC: 0x800C 


CC 
7:0(R) | RDATA Data read from DAC 


Table 548: Read Data Register 


e Clock Divide Register (DAC_DIV) — RISC: 0x8010 


[Bi [Wone[oatut [Besorpaon 


Divider number which used to divider the IOCLK. 
Mm DIV_NUM 4'h3 MC_CLK = IOCLK/(DIV_NUM+1) 
This value must be an odd value. 


EN 


Table 549: Clock Divider Register 
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e Control Register (DAC_CTRL) — 


0(R/W) | DAC_EN 1’b0 


SPEAKERIHEA | ,, 
1(RW) | SpHONE 1’b0 


) 
2(R/W) | INV_PWMLP 
3 (R/W)_ | INV_PWMLN 


4 (RMW)_ | INV_PWMRP 


8 (R) SB_STATUS — | 1’b0 


FRAME_COUN 
T_STATUS 


Table 550: Conirol Register 


SiRFatlasV 
AT551 Datasheet 


RISC: 0x8014 
1’b0: Disable DAC module. 
1’b1: Enable DAC module 
1’b0: Enable speaker mode 
1’b1: Enable headphone mode 


Invert pwmlp, 

1’b0: Send the pwmlp out directly. 

1’b1: Invert the pwmlp before out. 

This bit must be set at the initialize process and do not 
change it anymore. 

Invert pwmlin 

1’b0: Send the pwmlin out directly. 

1’b1: Invert the pwmin before out. 

This bit must be set at the initialize process and do not 
change it anymore. 

Invert pwmrp 

1’b0: Send the pwmrp out directly. 

1’b1: Invert the pwmrp before out. 


This bit must be set at the initialize process and do not 
change It anymore. 


Reserved. 


This bit is for debug and read only. 
0: The DAC works at normal mode. 
1: The DAC enters the standby mode. 


This bit is debugging only usage. 


When the internal frame count is bigger than the 
DAC_FRAME_COUNT, it will change to 1. 


It can be used to wait the DAC enters the mute or quit 
the mute mode successfully. 


Reserved. 
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e |°S Frame Count Register (DAC_FRAME_COUNT) — RISC: 0x8018 


[Bt [hone [Batu [Desorpaon SSS 


This register is debugging only usage. 
15:0 FRAME NUM | 16’hO Internal counter will count the Iro number when this register is 


(RW) - set, if it is bigger than the FRAME_NUM, the 
frame_count_status will be changed to 1. 


Table 551: I?S Frame Count Register 


e Control Register (DAC_POP_CTRL) — RISC: 0x8080 
[at [Name ‘(Bau 

Wait number of enable headphone process 

15:0 (W) | UP_WAIT_NO 16’hf 
The default value is the best setting. Do not change it. 
Wait number of disable headphone process. 

31:16 | DOWN_WAIT_NO | 46'hf ee : wane . 

(W) The default value is the best setting. Do not change it. 


Table 552: Control Register 


Register Bridge Address Mapping 


Ca CC 
foows [oR (omen 


Table 553: Internal Register Bridge Register Mapping 


Register Bridge Register Description 
e Audio interface control Register (AICR) — Address: 0x00 


CN 
O(RW) | SERIAL This bit must be set to 1. 


4(RIW) fis | tht This bit must be set to 1. 
32 | ADWL This value must be set to 0. 
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[ane [eteut[Dsscipion 
pe 
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Table 554: Audio interface control Register 


e Control Register1 (CR1)— Address: 0x01 


[ar [Wane [betut [oesrpton 


Sample frequency configuration 
AO: &k, 
4h1: 11.025k, 
Mh2: 12k, 
4h3: 16k, 
4h4: 22.05k, 
on FREQ 4'5: 24k, 
Ah6: 32k, 
Wh7: 44. 1k. 
Ah8: 48k. 
4h9: 64k, 
“ha: 88.2k 
4’ hb: 9 


5:4 
QUARTZ This value must be set to 0. 
(RW) 


Table 555: Control Register1 


e Control Register2 (CR2)— Address: 0x02 


2:0 DELTAFR een frequency offset, Add some positive or negative 
(RW) EQ offset on Sam = frequency 


Table 556: Control Register2 
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In order to perform operations such as audio/video synchronization, the DAC allows the users to fine tune 
the Sampling frequency by decreasing or increasing it by some few percent. This is achieved by register 
configuration as described in the followings tables. 


FS @ 8kHz, Sampling Frequency 
Configuration Bits Description 


DELTA FREQ[2 :0] 


FS @ 11.025kHz, Sampling Frequency 
Configuration Bits 


DELTA FREQ[2 :0]] 


-2.9479% 


FS @ 12kHz, Sampling Frequency 
Configuration Bits 


DELTA FREQ[2 :0} 
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FS @ 16kHz, Sampling Frequency 
configuration bits Description 


DELTA FREQ[2 :0] 


a 


FS @ 22.05kHz, Sampling Frequency 
Configuration Bits Description 


DELTA FREQ/2 :0] 
a 


FS @ 24kHz, Sampling Frequency 
Configuration Bits Description 


DELTA FREQ|2 :01 
a 
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FS @ 32kHz, Sampling Frequency 
Configuration Bits Description 


DELTA FREQ[2 :0] 


foo Nee 


FS @ 44.1kHz, Sampling Frequency 
Configuration Bits Description 


DELTA FREQ/2 :0] 
a 


FS @ 48kHz, Sampling Frequency 
Configuration Bits Description 


DELTA FREQ[2 :01 
a 
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FS @ 64kHz, Sampling Frequency 
Configuration Bits Description 


DELTA FREQ/2 :0] 
foo Nee 


FS @ 88.2kHz, Sampling Frequency 
Configuration Bits Description 
DELTA FREQ[2 :0] 


a 


101 -3.06122% 


FS @ 96kHz, Sampling Frequency 
Configuration Bits Description 
DELTA FREQ[2 :0] 


foo. «dN org CS 
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e Control Register3 (CR3)— Address: 0x03 


[bt [heme [Dwtaut [oosoion 


Limiter Rate, Set the volume transition time corresponding to 
one volume step change time. 
000=1/Fs 
001 =2/Fs 
2:0 010=4/Fs 
(Rw) | LMR 3h4 | 011 =8/Fs 
100 = 16/Fs 
101 = 32/Fs 
110=64/Fs 
111 = 128/Fs 


Left/Right select bit 

0 = The next read or write operations on VMCR register will 
3 (R/W) | L/R 1’b0 concern the left channel. 

1 = The next read or write operations on VMCR register will 

concern the right channel. 


Stand-by/Norma! mode 
4(RMW) | SB 1’bO 0 = Normal mode 
1 = Stand-by mode 


De-emphasis filter enable (used only when de-emphasis 
option is selected) 
; 1 = Enable the de-emphasis filter (for Fs = 44.1kHz) 

6(R/W) DEEMPH 1’b0 bets 

0 = Disable the de-emphasis filter. 

The de-emphasis filter respects the standard 15ys/50us 

response only at sampling rate Fs = 44.1kHz. 

1 = PWM outputs are forced to 0 when DAC is in standby 
7(RW) | FPWM 1’'b0 mode 

0 = Normal mode 


Table 557: Control Register3 
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e Volume and mute control register (VMCR) — Address: 0x04 


[bt [heme [Dwtaut [osoion 


Volume Control 
1111111 = +6Db 
1111110 = +5dB 
1111101 = +4dB 
1111100 = +3dB 
0010110 = -99dB 

6:0 0010101 = -100dB 

(Rw) — | VOL Th79 | 0010100 = - (mute) 
0000000 = -~ (mute) 
Allows control of the left or right channel signal level in 1dB 
increments from +6dB to —100dB. Bit L/R must be set first to 
select the left or the right channel. 
All volume settings less than —100dB are equivalent to 
muting the selected channel. When the volume data is set, 
the volume value is changed with 1dB step to the target 
value, the period of transition set by LIMR[2:0] bits. 


Soft Mute Control, acts on booth left and right channel 

0 = Left and right channel mute off. 

1 = Left and right channel mute on. 

Acts on both left and right channels whatever the L/R bit 
value. 

TARAN)..| MUTE my When entering mute mode (MUTE = 1), the volume is 
decreased progressively down to -~, with a rate specified by 
the limiter rate bits LIMR[2:0]. 

When leaving the mute mode (MUTE = 0), the volume is 
increased progressively from -~ up to the setting volume 
value, with a rate specified by the limiter rate bits LIMR[2:0]. 


Table 558: Volume and mute control register 


UART Controller 


Overview 


There are two dedicated UARTs (Universal Asynchronous Receiver/T ransmitter) in SiRFatlasV: 


e UARTO: Full UART with DMA (128byte*2 FIFO) and flow control 
e UART1: Full UART without DMA (32byte*2 FIFO) 
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e UART1: Without DMA and DSP interfaces 


Feature List 
UART supports the following features: 


e 5,6, 7, or 8 bits per character 

e §61, or 2 stop bit detection and generation 

e Stick bit (none, even, odd, space, mark) 

e Two clock dividers for more flexible clock division 

e Line break detection 

e Internal loop back diagnostic functionality 

e Independent 128-byte transmit and receive FIFOs for DMA (UARTO) 
e Independent 32-byte transmit and receive FIFOs (UART1) 

e Maximum baud rate of up to 10 Mbps 


UART1 supports the UARTO features except for DMA-related features and flow control feature. 


NOTE - If user needs more than two UARTs, please configure USP as UARTs mode. For more details, 
refer to the Section of USP. 


Pin Descriptions 


External Pin Descriptions 


/0 Pin Defauit nore 
X_TXD_0 Output aes UART Output high UARTO TXD 
X_RXD_0 GPIO. | UART Input with pull up | UARTO RXD 


X_URFS_0 Output | UsPo | UART pel pul UARTO_RTS 


X_TXD1 Output Pe UART Output high UART1 TXD 
X_RXD_1 GPIO. | UART Input with pull up | UART1 RXD 


Table 559: UART External Pin Description 


X_URFS 1 USP1 | UART ices pull UARTO_CTS 


Functionai Descriptions 


Function Modes 


Generally, low-speed UART serial devices come with one of the two modes, without hardware flow- 
control or with hardware flow-control modes. 
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RXD 


UART Device 
TXD 


Figure 87: UART without Flow Control 


RxD 


TXD 


UART Device 


cis 


Figure 88: UART with Flow Control 


In some special cases, users can connect UART with modems, and in that case, the modem control 
signals (DCD, RI, RTS, etc.) can connect with SiRFatlasV GPIOs. 


Timing Diagram 

The SiRFatlasV UART frame is composed of the following domains: 
e = 1bit start bit 
e §5/6/7/8 bit data 


e None or 1bit stick bit 
e 1 or 2bit stop bit 


The stick bit may be: 


e Odd parity bit 
e Even parity bit 
e =Mark (logic 1) 
e Space (logic 0) 
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— 
TXDIRXD ee ee 
I 


| ’ | | I 
(—— 


Start bit Data (5-8bits) Stick bit Stop bits 


Figure 89: UART Frame Timing 


Register Definition 
Register Address Mapping 


Base Address 


Each UART in SiRFatlasV has the same set of registers, therefore offset addresses are the same. 
The actual address of the UART register is equal to the UART base address plus the offset address. 


e UARTO base address 0x80000000 
e UART‘1 base address 0x80100000 


Register Mapping 


RISC Address | DSP I/O Address Regist D ‘pti 
<11:0> <7:0> egister escription 


UART_LINE_CTRL UART line control register 
a a a 


FOB sd Reserved rved 


ae ae UART_TX_RX_EN eseved __ transmit and receive enable 
register 


foxso OB UART_DIVISOR UART baud rate divider register 


ae 2 ae UART_INT_EN UART interrupt enable register 


fOxs8 foc | UART_ INT_| |UART_INT_STATUS | | UART interrupt status register | interrupt status | UART interrupt status register | 


=o me DART IBISC-DSE MOD UART accessing select register 


Ox60~ }Ox60-FC | Reserved rved 


0x100 ae UART TXFIFO DMAVIO register 


0x104 0x42~0x43 UART_TX_DMA_IO_LEN | UART transmit data length register 


August, 2010 SiRF Datasheet — Proprietary and Confidential 450 


DRAFT 


Sf SiRFatlasV 


pe ees AT551 Datasheet 


RISC Address | DSP I/O Address Register Reccnntan 
<11:0> <7:0> egiste escriptio 


UART_TXFIFO_CTRL | UART TXFIFO control register 


0x46~0x47 ee TXFIFO_LEVEL_ | UaRT TXFIFO check level register 


0x120 PART_RX_DMA_IO_CTR | UaRT RXFIFO DMAVIO register 


fOxt24 0x52~0x53 UART_RX_DMA_IO_LEN | UART receive length register 
UART_RXFIFO_CTRL | UART RXFIFO control register 


Ox56~x57 aac aa a UART RXFIFO check level register 


fare.crat ‘Aso fow cote easier 
a 
Se 


Register for switching between 
SEMA DMA and I/O 
Table 560: UART Register Mapping 


Register Descriptions 


e UART Line Contro! Register (UART_LINE_ CTRL) — RISC: 0x40, DSP: 0x20 
It is the same for the UART0/1. 


[st_[Wone [beaut [oescipion 


2’b00: 5 data bits in one frame 

2’b01: 6 data bits in one frame 
1:0 (R/W) DATA_BIT_LEN | 2’b0 _ 

2’'b10: 7 data bits in one frame 

2’b11: 8 data bits in one frame 


1’b0: 1 stop bit 
2 (RW) STOP_BIT_LEN | 1’b0 , P 
1’b1: 2 stop bits 
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rs b0: Parity bit disable 
3 (R/W) PARITY_ENA 
1’b1: Parity bit enable 


4 (RW) EVEN_BIT Fane |See STICK BIT description STICK_BIT description 


The bit[5:3Jof UART_LINE_CTRL determines the parity bit 
status: 
3’b000: No stick bit 
5 (R/W) STICK_BIT 3’b001: Even bit parity 
3’b011: Odd bit parity 
3’b101: Mark bit parity 
3’b111: Space bit parity 


1’b0: TXD in normal transmit state. 
6 (R/W) SET_BREAK 1’b0O 
1’b1: TXD is forced to low level. 


1’b0: No loop-back 

7 (RW) LOOP_BACK 1’b0 1'b1: RXD is not connected to an external pin but to TXD 
internally and the transmitted data is looped back to the 
receive pin. 


a a 


This register specifies the bit number for receive timeout. If 

31:16 (RW) | TIMOUT_NUM 16°hO there is no new data received after the bit number time has 
elapsed since the last data is received, then a receive 
timeout interrupt will take place. 


Table 561: UART Line Control Register (UART_LINE_CTRL) 


e UART Transmit/Receive Enable Register (UART_TX_RX_EN) — RISC: 0x4C, DSP: 0x26 
It is the same for UARTx. 


|Bit | Name | Default | Description 


Receive enable bit: 
0 (R/W) | RX_EN 1’b0 0: Disabled 
1: Enabled 


Transmit enable bit: 
1 (R/W) | TX_EN 1’bO 0: Disabled 
1: Enabled 


Table 562: UART Transmit/Receive Enable Register (UART_TX_RX_EN) 
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e UART Clock Divisor Register (JART_CLK_DIV) — RISC: 0x50, DSP: 0x28 
It is the same for UARTx. 


[Bk [Wane [Beta [Deserpion 
15:0 (RW) | IOCLK_DIV 16’hffff_ | IOCLK_DIV = fio_clock/ (baud * (SAMPLE_DIV+1)) — 1 


21:16 (RWW) | SAMPLE_DIV_ | 6’hOf SAMPLE_DIV should be larger than or equal to 15. 


Table 563: UART Clock Divisor Register (UART_CLK_DIV) 


In normal mode: 


- SAMPLE_DIV is always set to 15 
- IOCLK_DIV is fio glock! (baud * 16) — 1 


In order to get the accurate high baud rate when the frequency of IOCLK is low, such as 12 MHz, 
the value of SAMPLE_DIV must be changed to larger than 15. The exact high baud rate can be 
acquired if both SAMPLE_DIV and IOCLK_DIV are adjusted. For example, if IOCLK is 12 MHz, 
and to acquire a high baud rate of 115200, SAMPLE _DiV and IOCLK_DIV must be set to 25 and 
3 respectively. 


e UART Interrupt Enable Register (UART_INT_EN)— RISC: 0x54, DSP: 0x2A 
(UART1 has no DMA interfaces and related registers) 


Receive done interrupt enable: 
0: Disabled 
1: Enabled 


Transmit done interrupt enable: 
0: Disabled 
1: Enabled 


Receive overflow interrupt enable: 
RX_OFLOW_INT_EN 1’b0 0: Disabled 
1: Enabled 
’bO 


All data is transmitted interrupt enable: 
0: Disabled 
1: Enabled 


TX_ALLOUT_INT_EN 


IO/DMA receive interrupt enable: 
0: Disabled 
1: Enabled 


1O/DMA transmit interrupt enable: 
5(RIW) | TX_1O_DMA_INT_EN 1 | bal 
0: Disabled 
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[ee Name 
6 (RW) | RXFIFO_FULL_INT_EN 


Receive FIFO full interrupt enable: 
) 0: Disabled 
1: Enabled 
7 (RW) TXFIFO_EMPTY_INT_EN 
8 (R/W) RXFIFO_THD_INT_EN 
9 (R/W) TXFIFO_THD_INT_EN 


Transmit FIFO empty interrupt enable: 
0: Disabled 
1: Enabled 


Receive FIFO threshold interrupt enable: 
0: Disabled 
1: Enabled 


Transmit FIFO threshold interrupt enable: 
0: Disabled 
1: Enabled 


RXD pin break interrupt enable: 
0: Disabled 
1: Enabled 


RXD_BREAK_INT_EN 
RX_TIMEOUT_INT_EN 
PARITY_ERR_INT_EN no 


16 (RW) | PLUG_IN_INT_EN 


Receive timeout interrupt enable: 
0: Disabled 
1: Enabled 


Parity error interrupt enable: 
0: Disabled 
1: Enabled 


CTS change interrupt enable 
0: Disable 
1: Enable 


RTS change interrupt enable 
0: Disable 
1: Enable 


RDS plug-in interrupt enable 
0: Disable 
1: Enable 


Table 564: UART Interrupt Enable Register (UART_INT_EN) 


UART error frame interrupt enable: 
10 (R/W) | FRAME_ERR_INT_EN 1’b 0: Disabled 
1: Enabied 
1’b 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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STATUS) — RISC: 0x58, DSP: 0x2C 


UART1 has no DMA interface and related registers. RISC/DSP writes 1’b1 to the bit will clear the 


interrupt. 


TX_DONE 
RX_OFLOW 


TX_ALL_EMPTY 
DMA_IO_RX_DONE 


DMA_IO_TX_DONE 


RXFIFO_FULL 
TXFIFO_EMPTY 


RXFIFO_THD_REACH 
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Valid data has been received in the RXFIFO 
interrupt (valid data length is define by 
RXFIFO_WIDTH, one transfer): 


0: Invalid 
1: Valid 
Valid data has been transmitted from the TXFIFO 


interrupt (valid data length is define by the 
TXFIFO_WIDTH, one transfer): 


0: Invalid 
1: Valid 


RXFIFO overflow Interrupt: 

0: Invalid 

1: Valid 

All data in both TXFIFO and TX shifter sent out 
interrupt: 

QO: Invalid 

1: Valid 

RXFIFO has received all data of the data package, 


of which the size is defined by the 
UART_RX_DMA_IO_LEN register: 


0: Invalid 
1: Valid 
TXFIFO has transmitted all data of a data package 


whose size is defined by the 
UART_TX_DMA_IO_LEN register: 


0: Invalid 
1: Valid 


RXFIFO full interrupt: 

0: Invalid 

1: Valid 

TXFIFO empty interrupt: 

0: Invalid 

1: Valid 

Time to read RXFIFO when the number of data in 
the RXFIFO reaches the threshold: 

0: Invalid 

1: Valid 


455 
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|Default |Description 


This interrupt occurs only at the rising edge when 
the FIFO data reaches the threshold 


Time to write TXFIFO when the number of data in 

the TXFIFO reaches the threshold: 
TXFIFO_THD REACH 

0: Invalid 

1: Valid 


Received a UART frame interrupt in error: 
0: Invalid 
1: Valid 


If this bit changes to 1, it means the RXD line has 
been in low level for at least 10 bits and the 
receiving action must be stopped. To correct this, 
disable the RX_EN bit in the USP_TX_RX_EN 
register, then wait some time to double check this 
11 (R/W) | RXD_BREAK bit. If no new break occurs, enable RX_EN and 
wait some time to reset and restart RXFIFO to 
flush invalid data and be ready to accept new data. 
0: Invalid 
1: Valid 


If this bit becomes 1, then it means there is no 


10 (R/W) | FRM_ERR 


more new data received for the time specified by 
the timeout bit number defined in the 
TIMOUT_NUM bits of the UART_LINE_CTRL 

12 (R/W) | UART_RX_TIMEOUT register since the last data has been received in 
the FIFO. 


0: Invalid 
1: Valid 


0: No parity errors. 

13 (R/W) | PARITY_ERR 
1: There is a parity error in the received frame. 
0: No change 

14 (R/W) | CTS_CHANGE 1: Change, rising edge or falling edge 
Write it to 1’b1 for clearing CTS_INT. 
0: No change 

15 (R/W) | RTS_CHANGE 1’b0 1: Change, rising edge or falling edge 
Write it to 1’b1 for clearing RTS_INT. 
0: Unplug or normal work 

16 (R/W) | PLUG_IN 1’b0 1: Plug-in 
Write it to 1’b1 for clearing PLUG_IN_INT 


Table 565: UART Interrupt Status Register (UART_INT_STATUS) 
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e UART RISC/DSP Mode Register (UART_RISC_DSP_MODE) — RISC: 0x5C, DSP: 0x2E 


This register can only be written by RISC. For DSP, it is read-only. Since UART1 has no DSP 
interface, therefore this register will not work for VART1. 


ea 


0(RW) | RISC_DSP_SEL 0: UART is accessed by RISC. 
1: UART is accessed by DSP. 


Table 566: UART RISC/DSP Mode Register (UART_RISC_DSP_MODE) 


e UART TX DMA I/O MODE Register (UART_TX_DMA_IO_CTRL) — RISC: 0x100, DSP: 0x40 


[Default |Description = 


0(R/W) | IO_DMA_SEL 1: For I/O mode 
=e For DMA mode 


ee DMA operations are affected: 
00: No changes 
ae TX_ENDIAN MODE | 2'b0 01: Byte exchange in DWORD 
10: Word exchange in DWORD 
11: Byte exchange in WORD 
Es a 


Table 567: UART TX DMA I/O MODE Register (UART_TX_DMA_IO_CTRL) 


e UART TX DMA I/O Lengih Register (UART_TX_DMA_IO_LEN) —-RISC: 0x104, DSP: 0x42~0x43 


[et [Nene Joeteut[Desetpton 


The byte number of a DMA or I/O transfer. 
31:0 (R/W) | DATA_LEN | 32’h0 If it is set to zero, then the I/O or DMA transfer will work 
continuously until it is stopped. 


Table 568: UART TX DMA I/O Length Register (UART_TX_DMA_IO_LEN) 
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e UARTx TX FIFO Control Register (UART_TX_FIFO_CTRL) — RISC: 0x108, DSP: 0x44 


- For UARTO 


[ee [Name [Beat [Deserpion 


A threshold value in byte that triggers an interrupt. An 
6:0 (R/W) FIFO_THD<6:0> | 7’hO interrupt is triggered when the data count in the FIFO 
reaches the threshold 


Table 569: UARTx TX FIFO Control Register (UART_TX_FIFO_CTRL) for UARTO 


- For UART1 


A threshold value in byte that triggers an interrupt. 
4:0 (RW) | FIFO_THD<4:0> | 5’h0 An interrupt is triggered when the data count in the FIFO 
reaches the threshold. 


Table 570: UARTx TX FIFO Control Register (UART_TX_FIFO_CTRL) for UART1 


e UARTx TX FIFO Level Check Register (UART_TX_FIFO_LEVEL_CHk) —-RISC: 0x10C, DSP: 
0x46~0x47 


- For UARTO: Controls DMA request time based on this FIFO level check. 


[aia ton 
4:0 (RW) FIFO_SC<4:0> Stop check in DWORD 
Ea 


a 
Ea 


Table 571: UARTx TX FIFO Level Check Register (UART_TX_FIFO_LEVEL_CHK) for UARTO 
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e UART TX FIFO Operation Register (UART_TX_FIFO_OP) — RISC: 0x110, DSP: 0x48 
This register is different from FIFOs that belong to other peripheral operation registers and its 


reset bit is bit 0. 
[si [Name [Befaut [Descistion CS 
Set to 1 to stop the FIFO and reset the FIFO internal status, 
FIFO_RESET | 1’b0 


0 (RW) 


including its relevant interrupt status. Set to 0 in normal 
operations. 


1 (R/W) | FIFO_START Starts the read/write transfer when this bit is declared. 


Table 572: UART TX FIFO Operation Register (UART_TX_FIFO_OP) 


e UART TX FIFO Status Register (UART_TX_FIFO_STATUS) — RISC: 0x114, DSP: 0x4A 
- For UARTO 


The byte number of the valid data in the FIFO. 
6:0 FIFO LEVEL | 7’ho In case FIFO is full, the value of this register should be set to 0, 
(R) = users must then concatenate the FIFO_FULL bit with this value to 
determine the actual data count in the FIFO. 


Description 


FIFO full status 


The FIFO is full when it is read as 1. This bit is concatenated with 
FIFO_LEVEL as the actual FIFO data count. 


FIFO empty status 
8(R) | FIFO_EMPTY eo 
It is equivalent to (FIFO_FULL, FIFO_LEVEL) == 


Table 573: UART TX FIFO Status Register (UART_TX_FIFO_STATUS) for UARTO 


7 (R) FIFO_FULL 


- For UART1 


[ai [Rene [os [Dmcipion 
The byte number of the valid data in the FIFO. 
4:0 FIFO LEVEL | 5’ho In case FIFO is full, the value of this register should be set to 0, 
(R) - users must then concatenate the FIFO_FULL bit with this value to 
determine the actual data count in the FIFO. 


FIFO full status. 


The FIFO is full when it’s read out as 1. This bit is concatenated 
with FIFO_LEVEL as the actual FIFO data count. 


5(R) | FIFO_FULL 
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Bit [Name | Default |Description 


Indicates FIFO empty status. 
6(R) | FIFO_EMPTY | 1’b1 aie een 
It is equivalent to (FIFO_FULL, FIFO_LEVEL) == 


ar [ate Reeves 


Table 574: UART TX FIFO Status Register (UART_TX_FIFO_STATUS) for UART1 


e UART TX FIFO Data Register (UVART_TX_FIFO_DATA) — RISC: 0x118, DSP: 0x4C 
DSP can only access the low 16 bits of this register. 


The FIFO data register, which is the bottom of the TX_FIFO Peer ee 
31:0 (W) | FIFO_DATA | 32'hO | the low 8 bits will be used). 


Table 575: UART TX FIFO Data Register (UART_TX_FIFO_DATA) 


The following registers are UART RX_FIFO registers: 


NOTE —-The data flow of RX_FIFO is always from UART to RISC/DSP/DMA. 


e UART RX DMA I/O MODE Register (UART_RX_DMA_IO_CTRL) — RISC: 0x120, DSP: 0x50 
Because UART1 has no DMA interfaces, so this register does not work for UART1. 


0 (R/W) | IO_DMA_SEL 1: For a mode. 
— For DMA mode. 


Flushes the DMA receive fen in case DATA_LEN is set on 
2 (R/W) | DMA_FLUSH 1’b0 the peripheral side which does not match the DWORD size 
set in the DMA control. 


En 


Only affects DMA operations: 
00: No changes 
5:4 ie 2p a 2’b0 01: Byte exchange in DWORD 
10: Word exchange in DWORD 
11: Byte exchange in WORD 
En a 


Table 576: UART RX DMA I/O MODE Register (UART_RX_DMA_IO_CTRL) 
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e UART RX DMAI/O Length Register (UART_RX_DMA_IO_LEN) — RISC: 0x124, DSP: 0x52~0x53 


The byte number of a DMA or I/O transfer. 
31:0 (R/W) | DATA_LEN | 32’h0 If it is set to 0, the I/O or DMA transfer will work continuously 
until it is stopped. 


Table 577: UART RX DMA I/O Length Register (UART_RX_DMA_IO_LEN) 


e UARTx RX FIFO Control Register (UART_RX_FIFO_CTRL) — RISC: 0x128, DSP: 0x54 
- For UARTO 


A threshold value in byte that triggers an interrupt. 
6:0 (R/W) | FIFO_THD<6:0> | 7’hO An interrupt is triggered when the data count in the FIFO 
reaches the threshold. 


Table 578: UARTx RX FIFO Control Register (UART_RX_FIFO_CTRL) for UARTO 


- For UART1 


[et [Name __—[Deou[Deserpion 


A threshold value in byte that triggers an interrupt. 
4:0 (R/W) | FIFO_THD<3:0> | 4’h0O An interrupt is triggered when the data count in the FIFO 
reaches the threshold. 


Table 579: UARTx RX FIFO Conirol Register (UART_RX_FIFO_CTRL) for UART1 


e UARTx RX FIFO Level Check Register (UART_RX_FIFO_LEVEL_CHk) — RISC: 0x12C, DSP: 
O0x56~0x57 


- For UARTO 


Stop check in DWORD 


Low check in DWROD 
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[et [Name _‘[eteut [Deserion 


24:20 (RW) FIFO_HC<4:0> High check in DWORD 


Table 580: UARTx RX FIFO Level Check Register (UART_RX_FIFO_LEVEL_CHk) for UARTO 


e UART RX FIFO Operation Register (UART_RX_FIFO_OP) — RISC: 0x130, DSP: 0x58 


This register is different from FIFOs that belong to other peripheral operation registers and its 
reset bit is bit 0. 


[ei [heme [Bout [Desert SSCS 


Set to 1 to stop the FIFO and reset the FIFO internal status, 
0 (R/W) | FIFO_LRESET | 1’b0 including its relevant interrupt status. Set it to 0 in normal 
operations. 
1 (R/W) | FIFO_START Starts the read/write transfer when this bit is declared. 


Table 581: UART RX FIFO Operation Register (UART_RX_FIFO_OP) 


e UARTx RX FIFO Status Register (UART_RX_FIFO_STATUS) — RISC: 0x134, DSP: Ox5A 
- For UARTO 


[ei [Narw _[etut [Desernon SS 


The byte number of the valid data in the FIFO. In case the 
; ? FIFO is full, then the value of this register should be set to 0, 

ee) RIPE ever eu users must then concatenate the FIFO_FULL bit with this value 

to determine the actual data count in the FIFO. 

Indicates the FIFO full status; the FIFO is full when it’s read out 
7 (R) FIFO_FULL 1’bO as 1. This bit is concatenated with FIFO_LEVEL as the actual 

FIFO data count. 

; Indicates the FIFO empty status, it is equivalent to (FIFO FULL, 

8 (R) FIFO_EMPTY FIFO_LEVEL) == 0. 


EE 


Table 582: UARTx RX FIFO Status Register (UART_RX_FIFO_STATUS) for UARTO 


- For UART1 


[name [Batu [Desstpion 


4:0(R) | FIFO_LEVEL 5'hO The byte number of the valid data in the FIFO. 
In case the FIFO is full, then the value of this register should be 
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[ek [Name [Befaut [Beseriton 
set to 0. Users must concatenate the FIFO_FULL bit with this 
value to determine the actual data count in the FIFO. 


Indicates the FIFO full status. 
5 (R) FIFO_FULL 1’bO The FIFO is full when it is read as 1. This bit is concatenated 
with FIFO_LEVEL as the actual FIFO data count 


, The FIFO empty status. 
6 (R) FIFO_EMPTY | 1’b1 , 
It's equivalent to (FIFO_FULL, FIFO_LEVEL) == 0. 


Table 583: UARTx RX FIFO Status Register (UART_RX_FIFO_STATUS) for UART1 


e UART RX FIFO Data Register (UART_RX_FIFO_DATA) — RISC: 0x138, DSP: 0x5C 


. ; The FIFO data register, which is the bottom of RX_FIFO (Only 
31:0 (R) | FIFO_DATA — | 32'hO | the low 8 bit is used, the high 24bit is fixed at 0.) 


Table 584: UART RX FIFO Data Register (UART_RX_FIFO_DATA) 


e Auto Flow Control Register (AFC_CTRL) — RISC: 0x140 


7:0 (RW) AFC_RX_THD 8'h00 Threshold for rx_fifo to decide nRTS active or 

inactive. 

Enable bit for auto-flow-control when RX mode: 
8 (R/W) AFC_RX_EN 1’b1: enable 

1’b0: disable (normal mode) 

Enable bit for auto-flow-control when TX mode: 
9 (R/W) AFC_TX_EN 


1’b1: enable 
1’b0: disable (normal mode) 


Invert the polarity of output RTS. 
1’b0: Not invert 


1’b1: Invert 
Ea EC 


‘bO 
’bO 
’b1 
’b1 


1 
- ; 
Invert the polarity of input CTS. 
10 (R/W) CTS_CTRL 1 1’b0: Not invert 
1’b1: Invert 
; 
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Table 585: Auto Flow Control Register (for UARTO) 


e Switch between Loop-DMA and I/O Operation in RX Mode (SWH_DMA_1IO) — RISC: 0x148 


[ek [Name [Batu Doser 


Active high. When get timeout interrupt, it will be 
oem EO ee cal changed to I/O mode automatically. 


Active high. When found changing I/O to DMA mode, it 
+ cam | + cam | | CLEAR_RX_ADDR EN PL ADDR en] vo | jroo | fe clear two low bits of read oint (rx_fifo_addr[1:0]). 


Active high. 
2 (R/W) EDGE_SC 1’b1: Make falling edge as start condition 
1’b0: Low level as start condition. 
EE 


Table 586: Switch Register (for UARTO) 


SPI Controller 


Overview 


Serial Peripheral Interface (SPI) is one of the most popular low-speed, chip-to-chip interconnect 
interfaces originated from Motorola’s M68xx micro-controller. The SPI in SiRFatlasV is fully compatible 
with the M68 xx standard but yields more flexibility. 


NOTE -— If user needs more than one SPI, configure USP as SPI mode. For more details, refer to the 
section for USP. 


Feature List 


e Master and slave modes supported 

e §=8-/12-/16-/32-bit data unit 

e 256 bytes receive data FIFO and 256 bytes transmit data FIFO 
e Support for multi-unit frame 

e Configurable SPI_EN (chip select pin) active state configurable 
e Configurable SP!_CLK polarity configurable 

e SPI_CLK phase configurable 

e MSB/LSB first configurable 
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Pin Descriptions 


External Pin Descriptions 


i/{@) Default Default eee 
fPinname [pe [mx [Parton [Seas Deron 
SPI, enable. 
X_SD_DAT_3[0 
(SPI EN) 310] Inout GPIO | GPIO In master mode, this pin is output. 
- In slave mode, this pin is input. 
SPI, clock signal 
X_SD_DAT_3[1] < ae Wee 
(SPI_CLK) Inout GPIO | GPIO In master mode, this pin is output. 
‘3 In slave mode, this pin is input. 


%_SP_DAT_3I] | out | cpio | GPIO SPI, data input 
(SPI_RXD) 


X_SD_DAT_3[3 
nla IS] Inout GPIO | GPIO Output | SPI, data output 
(SPI_TXD) 


Table 587: SPI External Pin Description 


Functional Descriptions 


Function Modes 


The SiRFatlasV SPI supports master and slave modes. In master mode, it supports single and multiple 
slave devices. 


SCK 


SPI Device 


Figure 90: SPI Master Mode-Single Slave 
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Sck 
SPI Device 1 


MOSsI 


SckK 
SP! Device 2 


MOSi 


MISO 


Figure 91: SPI Master Mode - Multi Slaves 


SPI Master 


MISO 


Figure 92: SPI Slave Mode 


In master mode, both SPI_CLK and SPI_EN are output signals from the SPI controller. Ensure that the 
output SPI clock frequency dicided by the CLK_DIV of SPI_CTRL REGISTER is less than 37.5MHz. 


The SPI_EN is the chip selected signal and can be set to valid of high or valid of low. As chip selected 
signal, SPI_EN should be held valid for some time before and after the data is transferred. The hold time 


can be set to one or two clock cycles of SPI_CLK according to requirements. Furthermore, SPI_EN can 
always be set to logic high or logic low through I/O mode when necessary. 
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In slave mode, both SPI_CLK and SPI_EN are inputs and driven by external devices. Ensure that the 
input SPI clock period is less than (6*Tiock + 2*T setup), Where Tiock is the clock period of IOCLK and Tsetup is 
the external device data setup requirement. 


SPI_TXD is the output data pin and the SPI_RXD is the input data pin. In both master and siave mode, 
these two data pins can be set to be driven at either rising edge or falling edge of SPI_CLK. 


Frame Format 


The SiRFatlasV SPI supports four different data units: 8-bit, 12-bit, 16-bit and 32-bit data unit. Each frame 
may contain: 


e None or one command unit, the command unit can be 1 byte, 2 byte, 3 byte or 4 byte in length 
e Either none or several data units 


In the SPI bus, both single data unit and multi data unit can be transferred in one SPI frame, but only up 
to 64K. 


SPI_TXD can transmit a command data unit before transmitting or receiving a data unit. The command 
data length can be set to 1, 2, 3 or 4 bytes. 


SPI_LEN | | 


SPILTXD TX Data Unit ~~ 
SPI_LRXD RX Data Unit yy 
SPI_LEN | 
SPI_TXD TX Data Unit 1 TX Data Unit 2 TX Data Unit 3 
SPI_LRXD RX Data Unit 1 RX Data Unit 2 RX Data Unit3 
SPI_LEN | 
spLtxo [En Command Unit | TX Data Unt | TXData Unit2 
SPLRXD | RX Data Unit? | RX Data Unit2 
Figure 93: SPI Frame Format 
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Timing Diagram 


The following diagram is the Motorola SPI standard. SiRFatlasV SPI supports four kinds of timing (as 
shown in the figures below). 


akode = [0 es as pe 
| | | 1 1 I | I | 

SPI_TXD / 

sprrxo L__jf MSB_ fT 6 fT 5 J 4 J 3 fT 2 ft tsa 
| | | 1 I I | | | 

SPI_EN | | | 1 ! I i | | 


Figure 94: SPI Interface Timing DRV=0, CLK=0 


CLK Cycle Pi tT 2 ft 3 [ 4 [| 5 f[ 6 [| 7 [ 8 | 
| | | | I I | | | 
| 

SPI_TXD / 

spiRXD Lyf MSB fT 6 TS 
| | | 1 1 I I | | 

SPI EN | | ] ] | 


Figure 95: SPI Interface Timing DRV=1, CLK=1 


CLK Cycle Pot | 2 es Tt 4 Tt 5 fT 6 UT 8 

| | | 1 1 i | | | 

SPILCLK | | | | | | | | | | |_|! 

SPI_TXD / 

sp_rxp Lf MSB_f 6 fT 5 4 ts 
| | | I 1 I | | | 

SPI_EN | i | 1 1 1 | | | 


Figure 96: SPI Interface Timing DRV=1, CLK=0 
CLK Cycle TT TztTtstf?ys | eéyz7y]? | 
| 1 1 I I | | 


SPLCLK ~ | f | j | | | | | | | | pt 

= | 

SPI_TXD / 

sprRxD Lyf MSB_ | 6 oT 5 OT A 8 ts 
! | 1 | | | 

SPI_LEN | | | 1 | I | | | 


Figure 97: SPI Interface Timing DRV=0, CLK=1 
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Register Definition 


Register Address Mapping 
SPI base address: 0x80030000 


a 


a 


0x144 DUMMY_DELAY_CTRL Control register when inserting dummy delay 


Table 588: SPI Register Mapping 
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Register Descriptions 


e SPI Control Register (SPI_CTRL) — 0x0 
This register is used to configure the SPI work mode. 


[eit [Name =‘ Betaut[Descrpton 
15:0 CLK DIV 46°b0 The cil clock eWvices number from the I/O CLOCK. 
(R/W) The fspi_clk = fio_clk/(2*( CLK_DIV+1)) 

The SPI controller work mode: 
16 (R/W) | SLV_MODE 1’b0 0: Master mode 
1: Slave mode 
The SPI transfer command mode: 
17 (R/W)_ | CMD_MODE 1’b1 0: Without command data in the SPI frame 
1: With command daia in the SPI frame 
‘ If the CS pin is set to /O mode, the output of the 
TEN Wee) 2 SPI_CS pin is controlled by this bit. 
The CS pin output mode. In hardware control mode, CS 
output is controlled by the CS hardware logic, 
otherwise, CS will output the value of the CS_IO_OUT 
19 (R/W) | CS_IO_MODE bit. 
0: Hardware control mode 
1: RISC control I/O mode 
The SPI CLOCK idle state: 
20 (R/W) | CLK_IDLE_STAT 1b0 0: Clock stays at logic 0 in idle state 
1: Clock stays at logic 1 in idle state 
The SPI CS idle state: 
21 (RW) | CS_IDLE_STAT 0: CS stays at logic 0 in idle state 
1: CS stays at logic 1 in idle state 
The SPI data transfer mode: 
22 (R/W) | TRAN_MSB 0: LSB 
1: MSB 
The SPI data is driven out: 
23 (R/W) | DRV_POS_EDGE 0: Clock falling edge 
1: Clock rising edge 
The clock number for CS to hold valid before and after 
the data is transferred when CS is in hardware control 

24 (R/W) | CS_HOLD_TIME mode: 

0: 1 SPI_CLK cycle 
1:2 SPI_CLK cycles 


25 (R/W) | CLK_SAMPLE_MODE The slave clock sample mode 
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0: 2 sample 
1: 3 sample to filter the glitch 


The transfer data unit format: 
2’b00: 8 bits 
2’b01: 12 bits 

‘uiwy _ | TRAN_DAT_FORMAT 2'b10: 16 bits 

(RW) 2'b11: 32 bits 
If the data format is 12-, or 16-bit, then FIFO_WIDTH in 
SPI_TX_FIFO_CTRL/ SPI_RX_FIFO_CTRL should be 
set to word width. 


If the command data exists, then these two bits will 
decide the command byte number: 

29:28 2’b00: 1 byte 

(Ri). ||) “MD_BYTE NUM 2'b01: 2 bytes 
2’b10: 3 bytes 
2’b11: 4 bytes 
This bit will decide whether or not to automatically clear 
SPI_TX_RX_EN after an SPI frame ends: 

30 (R/W) | ENA_AUTO_CLR 0: SPl_TX_RX_EN will still keep its value 
1: SPlL_TX_RX_EN will be automatically cleared by the 
hardware 


This bit will decide whether it is only a single data unit 

(the command data is not considered as a data unit). 

The data unit number is set in SPlL_TX_DMA_IO_LEN / 
31 (R/W) | MUL_DAT_MODE SPI_RX_DMA_IO_LEN: 

0: Single data unit 


1: Multiple data unit 


Table 589: SPI Control Register (SPI_CTRL) 


e SPI Command Register (SPl_CMD) — 0x4 
This register is write-only. 


[Bt [Nene ‘taut [Oesevnon 


31:0 (W) | SPl command register | 32’b0 The SPI command register 


Table 590: SPi Command Register (SPI_CMD) 
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e SPI Transmit/Receive Enable Register (SPI_TX_RX_EN) —0x8 


Before the SPIl_TX_EN or SPI_RX_EN bit is enabled, SP|_CTRL must be configured first and 
write SPL_CMD if necessary. 


Receive enable bit: 
0: Disabled 
1: Enabled 


Transmit enable bit: 
1 (R/W) | SPI_TX_EN 0: Disabled 
1: Enabled 


O(RW) | SPILRX_EN 


If only the command is transmitted, software should enable 
this bit, SPI_RX_EN, and SPI_TX_EN should be disabled. 


0: Disabled 
1: Enabled 


Js | 2 hd Reserved 


Table 591: SPI Transmit/Receive Enable Register (SPi_TX_RX_EN) 


SPI_CMD_TX_EN 


e SPI Interrupt Enable Register (SPI_INT_EN)— RISC: 0xC 


Receive done interrupt enable: 
0: Disabled 
1: Enabled 


RX_DONE_INT_EN 
Transmit done interrupt enable: 
0: Disabled 


TX_DONE_INT_EN 

1: Enabled 

Receive overflow interrupt enable: 
RX_OFLOW_INT_EN 0: Disabled 

1: Enabled 


Transmit underflow interrupt enable: 
0: Disabled 
1: Enabled 


TX_UFLOW_INT_EN 


4 (RW) | RX_IO_DMA_INT_EN 


IO/DMA receive interrupt enable: 
0: Disabled 
1: Enabled 


1O/DMA transmit interrupt enable: 


5 (RW) | TX_1O_DMA_INT_EN 
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0: Disabled 
1: Enabled 
Receive FIFO full interrupt enable: 


0: Disabled 
1: Enabled 


RXFIFO_FULL_INT_EN 


TXFIFO_EMPTY_INT_EN fo 


Transmit FIFO empty interrupt enable: 
0: Disabled 
1: Enabled 


Receive FIFO threshold interrupt enable: 
0: Disabled 
1: Enabled 


RXFIFO_THD_INT_EN 


Transmit FIFO threshold interrupt enable: 
0: Disabled 
1: Enabled 


TXFIFO_THD_INT_EN 


The transfer frame end interrupt enable: 
0: Disabled 


1’bO 
1’bO 
1’bO 
1’bO 
FRM_END_INT_EN 1’b0O 
1: Enabled 


Table 592: SPI Interrupt Enable Register (SPI_!INT_EN) 
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e SPI Interrupt Status Register (SPI_INT_ STATUS) — RISC: 0x10 
RISC writes a 1’b1 to the bit will clear that interrupt. 


A valid data unit has been received in the RXFIFO 
interrupt: 


0: Invalid 
1: Valid 


RX_DONE 


RX_OFLOW 0: Invalid 

1: Valid 

TXFIFO underflow interrupt: 
TX_UFLOW 0: Invalid 

1: Valid 


A valid data unit has been transmitted from the TXFIFO 
interrupt: 


0: Invalid 
1: Valid 


RXFIFO overflow Interrupt: 


data size is defined by SPI RX_DMA_IO_LEN: 
0: Invalid 


RXFIFO has received all data from the data package, the 
DMA_IO_RX_DONE 


1: Valid 


RXFIFO full interrupt: 
0: Invalid 
1: Valid 


RXFIFO_FULL cn 
TXFIFO_EMPTY 


RXFIFO_THD_REA 
CH 


TXFIFO empty interrupt: 

0: Invalid 

1: Valid 

Time to read SPI_ RXFIFO when the number of data in 
SPI_RXFIFO reaches the threshold: 

0: Invalid 

1: Valid 


Time to write SPl_TXFIFO when the number of data in 
TXFIFO THD REA SPI_TXFIFO reaches the threshold: 
CH 0: Invalid 

1: Valid 
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1’b0 

1’b0 
TXFIFO has transmitted all data from the data package, 
the data size is defined by SPl_TX_DMA_IO_LEN: 

DMA_IO_TX_DONE | 1’b0 . : 
= 0: Invalid 
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71’b0 
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[Bi [Nene [Beout [Deserpton 


If a transfer frame is completed, then SPI_CS will change 
10 from valid to invalid, this bit will also be changed to valid. 
(RAW). || PRMLEND ue 0: Invalid 

1: Valid 


Table 593: SPI Interrupt Status Register (SPI_INT_STATUS) 


SPI TX_FIFO Registers 


NOTE - The data flow of TX_FIFO is always from RISC/DSP/DMA to SPI. 


e SPI TX_FIFO DMA I/O MODE Register (SPI_TX_DMA_IO_CTRL) — RISC: 0x100 


[Beene tek oeeaen 
0(RIW) | 1O_DMA SEL 4 for /O mode, 0 for DMA mode 


Table 594: SPI TX_FIFO DMA I/O MODE Register (SPI_TX_DMA_IO_CTRL) 


e SPI TX_FIFO DMA I/O Length Register (SPI_TX_DMA_IO_LEN) — RISC: 0x104 


[ei _ [Name _[etout [Desert 


This number is the block data length to be transmitted in DMA or 
I/O transfer. If it is set to zero, then the I/O or DMA transfer will 
work continuously until it is stopped. In multi data unit frames, 
this number represents the data unit number in the frame, this 
means that in the multi-data unit frame, the DMA/IO data block 
will be transmitted in one SPI frame 


15:0 (R/W) | DATA_LEN | 16’hO 


Table 595: SPI TX_FIFO DMA I/O Length Register (SPI_TX_DMA_IO_LEN) 
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e SPI TX_FIFO Control Register (SPI_TX_FIFO_CTRL) — RISC: 0x108 


[Bi [Wane ——[ Beto [Desernton 


Data width of FIFO: 0 for byte, 1 for word and 2 for 
1:0 (R/W) | FIFO_WIDTH<1:0> DWORD. If the data unit is 12 bit, then FIFO_WIDTH 
should be set to word mode. 


A threshold in byte that triggers an interrupt. 

9:2 (R/W) | FIFO_THD<7:0> 8'hO An interrupt is triggered when the data count in the FIFO 
reaches the threshold. 

ey ed ee 


Table 596: SPI TX_FIFO Control Register (SPI_TX_FIFO_CTRL) 


e SPI TX_FIFO Level Check Register (SPI_LTX_FIFO_LEVEL_CHK) — RISC: 0x10C 


[Bk [Wore [Beou[Desetpton 
a 
a a 
size [ideo Reson 


Table 597: SPI TX_FIFO Level Check Register (SPI_TX_FIFO_LEVEL_CHK) 


e SPI TX_FIFO Operation Register (SPI_TX_FIFO_OP)— RISC: 0x110 
This register is different from FIFO of other peripheral operation registers and the reset bit is bitO. 


If SPI is set to multi-data unit mode, FIFO should be reset after each frame is finished. 


[bi [Name [Beteut [oescipion 


Set to 1 to stop the FIFO and reset the FIFO internal status, 
0 (R/W) | FIFOLRESET | 1’b0 including its relevant interrupt status. Set to 0 in normal 
operation. 


1 (R/W) | FIFO_START Starts the read/write transfer when this bit is declared. 


Table 598: SPI TX_FIFO Operation Register (SPI_TX_FIFO_OP) 
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e SPI TX_FIFO Status Register (SPI_TX_FIFO_STATUS) — RISC: 0x114 


[Bi [None [Peteut [oescipion SSS 


The byte number of the valid data in the FIFO. 
7:0 (R) FIFO LEVEL 8’hO In case the FIFO is full, the value of this register will become 0, 
~ thus users must concatenate the FIFO_FULL bit with this value 

to determine the actual data count in the FIFO. 


This is the FIFO full status. 
8 (R) FIFO_FULL 1’bO The FIFO is full when it is read out as 1. This bit is concatenated 
with FIFO_LEVEL as the actual FIFO data count. 
FIFO empty status 
9(R) | FIFO_EMPTY | 1’b0 Salins ae 
It is equivalent to (FIFO_FULL, FIFO_LEVEL) == 


Table 599: SPI TX_FIFO Status Register (SPI_TX_FIFO_STATUS) 


e SPI TX_FIFO Data Register (SPI_TX_FIFO_DATA) — RISC: 0x118 


[eit [Name [Defaut [Descrption Ci 
31:0 (W) | FIFO_DATA 32’h0 The FIFO data register, which is at the bottom of the TX_FIFO. 


Table 600: SPI TX_FIFO Data Register (SPI_TX_FIFO_DATA) 


SPI RX_FIFO Registers 


NOTE - The data flow of RX_FIFO is always from SPI to RISC/DSP/DMA. 


e SPI RX_FIFO DMA I/O MODE Register (SPI_RX_DMA_IO_CTRL) — RISC: 0x120 
[st [Rare 


4: /0 mod 
O(RMW) | 1O_DMA SEL epee 
0: DMA mode 


ne ae 


2 (R/W) | DMA FLUSH peripheral side does not match the DWord size set in the DMA 


control register. 


Table 601: SP! RX_FIFO DMA I/O MODE Register (SPI_RX_DMA_IO_CTRL) 


1'b 
jo Flushes the DMA receive FIFO in case the DATA_LEN set at the 
1'b 


1 
0 
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e SPIRX_FIFO DMA I/O Length Register (SPI_RX_DMA_IO_LEN) — RISC: 0x124 


Description 


This number is the block data length to be received in DMA or I/O 
transfer. 


DATA LEN | 16’h0 If it is set to 0, the 1/0 or DMA transfer will work continuously until it 
~ stops. In a multi data unit frame, this number represents the data unit 
number in the frame, which means in the multi-data unit frame, the 
DMA/IO data block will be received in one SPI frame. 


Table 602: SPI RX_FIFO DMA I/O Length Register (SPI_RX_DMA_IO_LEN) 


e SPI RX_FIFO Control Register (SPI_RX_FIFO_CTRL) — RISC: 0x128 


[None [Pau [Deserion 


Data width of FIFO: 0 for byte, 1 for word and 2 for dword. If 
FIFO_WIDTH<1:0> the data unit is 12 bit, then FIFO_WIDTH should be set to 
word mode. 


9:2 A threshold in byte that triggers an interrupt. 
(RAW) | PPO SINDse > 8'hO An interrupt is triggered when the data count in the FIFO 
reaches the threshold. 


Table 603: SPI RX_FIFO Control Register (SPi_RX_FIFO_CTRL) 


e SPI RX_FIFO Level Check Regisier (SPI_RX_FIFO_LEVEL_CHk) — RISC: 0x12C 


Stop check in dword 


Table 604: SP! RX_FIFO Level Check Register (SPI_RX_FIFO_LEVEL_CHK) 
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e SPI RX_FIFO Operation Register (SPl_RX_FIFO_OP)— RISC: 0x130 
This register is different from FIFO of other peripheral operation registers and the reset bit is bitO. 


If the SPI is set to multi-data unit mode, reset and restart the FIFO after each frame is finished. 


[Bi [Wine [Bout [Desert 


Set it to 1 to stop the FIFO and reset the FIFO internal status as 
0 (R/W) | FIFO_RESET | 1’b0 well as its interrupt status. 
Set it to 0 in normal operation. 


1 (R/W) | FIFO_START Starts the read/write transfer when this bit is declared. 


Table 605: SPI RX_FIFO Operation Register (SPI_RX_FIFO_OP) 


e SPI RX_FIFO Status Register (SPI_RX_FIFO_STATUS) — RISC: 0x134 


[Bk [nome __[etout [Deserpton 


The byte number of the valid data in the FIFO. If the FIFO is full, 
; ' the value of this register will be 0, thus users must concatenate 
7:0(R) | FIFO_LLEVEL | 8’hO the FIFO_FULL bit with this value to get the actual data count in 
the FIFO. 
; The FIFO full status. The FIFO is full when it is read as 1. It is 
etn) Sei aoe concatenated with FIFO_LEVEL as the actual FIFO data count. 
; FIFO empty status, which is equivalent to (FIFO_FULL, 
9 (R) FIFO_EMPTY FIFO_LEVEL) == 


EC 2 


Table 606: SPI RX_FIFO Status Register (SPI_RX_FIFO_STATUS) 


e SPI RX_FIFO Data Register (SPI_RX_FIFO_DATA) — RISC: 0x138 


[eit [Name [Befaut [Description 
31:0 (R) | FIFO_DATA 32’h0 The FIFO data register, at the bottom of RX_FIFO. 


Table 607: SPI RX_FIFO Data Register (SPI_RX_FIFO_DATA) 


e SPI SLV_RX_SAMPLE_MODE Control Register — RISC: 0x140 


[ee [Naw [Bett [Deserpion 


0 (R/W) | slv2xsample Active high. Two times over sample mode when it is active. 
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[st [Rone [oso [oseiten 
pir 


Table 608: SP! SLV_RX_SAMPLE_MODE Control Register 


e SPIDUMMY_DELAY_CTRL Control Register — RISC: 0x144 


fait [Name [Detauit [Descrnon CS 
9:0 (R/W) a Delay number between a command and data unit. 


1’b0: SPI_CLK idle during dummy delay. 
1’b1: SPI_CLK toggle during dummy delay. 


1’b0: Not insert a dummy delay. 
delay_en 
1’b1: Insert a dummy delay. 


Table 609: SP! DUMMY_DELAY_CTRL Control Register 


delay_mode 


PWM 


Overview 


The PWM (Pulse Wide Modulate) generator can generate 7 independent outputs. Each output duty cycle 
can be adjusted by setting the corresponding wait and hold registers. 


Feature List 


e Seven independent outputs 
e Duty cycle can be adjusted by software 


Pin Descriptions 


External Pin Descriptions 


X_GPIO[7] GPIO Group0[7] }GPIO GPIO. ‘| Input pull down | pull | Input pull down | | PWM output | | PWM output | 


X_CKO_0 | Output | %/xinw clock pum output Clock 0 output 
output 
GPIO Group1[20 

X_CKO_1 Output 2s p1[20} GPIO Input pull down Clock 1 output 


Table 610: PWM External Pin Descriptions 
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Because the default function of the pads is GPIO, you need to disable the corresponding 
GPIOx_PAD_EN if these pads are going to work in the PWM function mode. 


Register Definitions 
Register Address Mapping 


Base Address 


Address Mapping 


0x800F0000 


Table 611: PWM Controller Register Mapping 


Register Mapping 


RISC Address : ne 
Register Description 
<11:0> 


[ozo [Pen_wart2 | Ptouput wat sate forigh pase 
[oa [Pen no. Paetouput2 nods eriowpuse 
[ozs [Pem_warrs | Pamtouput wat se forneh pase 
[oe [Pen nots PantouputSnod sei eriow suse 


0x20 
0x24 
0x28 
Ox2c 


Table 612: PWM Interface Register Mapping 
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Table 613: PWM Channel Assign Table 


Register Descriptions 
e PWM Pre-Clock Source Register (PWM_PRECLKSRC) — 0x00 


PWM0O Pre-clock source select: 
2’b00: XIN clock 
1:0 (R/W) PWM Clock Source 2’b01: PLL1 clock 
2’610: PLL2 clock 
2’b11: 32KHz clock 


PWM1 Pre-clock source select: 
2’b00: XIN clock 
3:2 (R/W) PWM1 Clock Source 2’b01: PLL1 clock 
2’b10: PLL2 clock 
2’b11: 32KHz clock 


PWM2 Pre-clock source select: 
2’b00: XIN clock 
5:4 (R/W) PWMz2 Clock Source 2’b01: PLL1 clock 
2’b10: PLL2 clock 
2’b11: 32KHz clock 
PWMsBS Pre-clock source select: 
2’b00: XIN clock 
7:6 (RW) PWMsB3 Clock Source 2’b01: PLL1 clock 
2’b10: PLL2 clock 
2’b11: 32KHz clock 


PWM4 Pre-clock source select: 
9:8 (R/W) PWM4 Clock Source 2’b00: XIN clock 
2’b01: PLL1 clock 
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11:10(R/W) | PWM5 Clock Source 
13:12(R/W) | PWM6 Clock Source 


PWM0 bypass mode 
PWM1 bypass mode 


PWM2 bypass mode 


PWM4 bypass mode 


PWM5 bypass mode 


PWM6 bypass mode 


PWMs3 bypass mode 


SiRFatlasV 
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2’b10: PLL2 clock 
2’b11: 32KHz clock 


PWM5 Pre-clock source select: 
2’b00: XIN clock 

2’b01: PLL1 clock 

2’b10: PLL2 clock 

2’b11: 32KHz clock 


PWM6 Pre-clock source select: 
2’b00: XIN clock 

2’b01: PLL1 clock 

2’b10: PLL2 clock 

2’b11: 32KHz clock 


PWM0 bypass selection: 

0: PWMO output clock from divider. 

1: PWMO output clock from source clock selected by 
PWM_PRECLKSRC[1:0]. 

PWM1 bypass selection: 

0: PWM1 output clock from divider. 

1: PWM1 output clock from source clock selected by 
PWM_PRECLKSRC[3:2]. 

PWM2 bypass selection: 

0: PWM2 output clock from divider. 

1: PWM2 output clock from source clock selected by 
PWM_PRECLKSRC[5:4]. 

PWMs3 bypass selection: 

0: PWM3 output clock from divider. 

1: PWM3 output clock from source clock selected by 
PWM_PRECLKSRC[7:6]. 

PWM4 bypass selection: 

0: PWM4 output clock from divider. 

1: PWM4 output clock from source clock selected by 
PWM_PRECLKSRC{[9:8]. 

PWM5 bypass selection: 

0: PWM5 output clock from divider. 

1: PWM5 output clock from source clock selected by 
PWM_PRECLKSRC[1 1:10]. 

PWM6 bypass selection: 

0: PWM6 output clock from divider. 

1: PWM6 output clock from source clock selected by 
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P| PWM_PRECLKSRC[13:12]. 


[Befaut [Description Ci 
Set 1 enable 

0 (R/W) PWMO0 Work Enable 1’b 
Set 0 disable 

1 (R/W PWM1 Work Enable Same as the above 


2 (RIW PWM2 Work Enable Same as the above 
PWM3 Work Enable Same as the above 


Table 615: PWM Output Enable Register 


For bit 4 and bit 5, the control signal for the channel is not used when the clock source is 32 kHz 
or 24 MHz. 


e PWM Pre-Clock Enable Register (PVWWM_PRECLKEN) — 0x08 


[st [Name (Bau [Description 
, Set 1 enable PWMO Pre-Clock 
0 (R/W) PWM0 Pre-Clock Enable 1’b 
Set 0 disenable PWMO0O Pre-Clock 
1 (R/W) PWM1 Pre-Clock Enable Same as the above 
2(RIW) | PWM2 Pre-Clock Enable Same as the above 


sm 
raw [Ps PreCok Erode [10 [Soneastteabowe 
se 


Table 616: PWM Pre-Clock Enable Register 
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e PWM Post-Clock Enable Register (PWM_PRECLKEN) — 0x0c 


[ee [Nene 


Set 0 disable PWMO Post-Clock 


sm 


Table 617: PWM Post-Clock Enable Register 


Set 1 enable PWM0 Post-Clock 
0 (R/W) PWM0 Post-Clock Enable 


e PWM Output Wait State Registers 0O~6 (PWM_WAIT<9:0>) 


eo 


; ; Number of pre-clock cycles that the PWM pin is high = 
9:0 (R/W HI_WAIT_CNT 10’hO HI WAIT_CNT +1 


Table 618: PWM Output Wait State Registers 0~6 


e PWM Hold State Register0~6 (PWM_HOLD<9:0>) 


[heme [Batu [Deserpion 


. F Number of pre-clock cycles that the PWM pin is low = 
9:0 (R/W) LO_HOLD_CNT | 10’hO LO HOLD CNT +1 


Table 619: PWM Hold State Registers 0~6 


August, 2010 SiRF Datasheet — Proprietary and Confidential 485 


DRAFT 


xy 
SA SiRFatlasV 
SiRF AT551 Datasheet 
’C 
Overview 


The I°C bus is a two-wire, bi-directional serial bus that provides a simple and efficient method for data 
exchange between devices. It is most suitable for applications that require occasional communications 
over a short distance among several devices. 


Feature List 
e Two ’C controller modules are on chip (they only share one INT, one clk, and have a separate 
reset) 
e RISC I/O bus read write register 
e Up to 16 bytes data buffer for issuing commands and writing data at the same time 
e Up to 16 commands, and receiving read data 16 bytes at a time 
e ~=Error INT report (ACK check) 
e No-ACK bus protocols (SCCB bus protocols) 


Pin Description 


The following table shows the Fc input/output pins: 


: Default ee 
X SCL_O GP103{19] | GPIO a pull (GPIO | 26 clock bus 0 
X_SDA.0 GP103[18] | GPIO ao pull (GPIO | 26 data bus 0 


X_GPIOP] xX SCL.1 | GPIO se pull (GPIO. | 26 elock bus 4 
X_GPIOL3] X% SDA.1 | GPIO ate pull (GPIO | 26 data bus 1 


Table 620: I?C External Pin Descriptions 


Because the default function of the pads is GPIO, you need to disable the corresponding 
GPIOx_PAD_EN before configing °C. 
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I?C Bus Descriptions 


This interface supports both compliant master and slave operations, It provides the following features: 


scl =1 


sda = 1 


start write ack ack ack stop 


Figure 98: Timing Diagram of rc Register Write 


scl = 1 


sda = 1 


rnninininnninn nin 
RSLS a 


! Se we ae Md 


start write ack ack start read ack nack stop 


Figure 99: Timing Diagram of I?C Register Read 


The I°C bus provides 2 electrical signals, SCL (clock line) and SDA (data line), and defines several 
transmission codes, including: 
e Bus idle state 
The bus is idle when both data and clock lines are high. The control of the bus is initiated with a 
start bit, and the bus will be released with a stop bit. Only the master can generate the start and 
stop bits. 
e = Start bit/stop bit 
The start bit is defined as a high to low transition of the data line while the clock line is high, 
whereas the stop bit is defined as a low to high transition while the clock line is high. 
e Read/write bit 
0 indicates write mode, 1 indicates read mode. 


e = Data bit transfer 


One data bit is transferred during each clock pulse. The ?C clock pulse is provided by the master. 
Data must be stable during the high period of the ?C clock, which changes only when the ge 
clock is low. Data is transferred in 8 bits at a time followed by an acknowledge bit. 


e Acknowiedge (ack) / no-acknowledge (nack) bit 


The master generates the acknowledgement clock pulse, while the transmitter (which is the 
master when writing, or slave when reading) releases the data line. The receiver will then indicate 
the acknowledgement bit by pulling the data line low during the acknowledgement clock pulse. 
The no-acknowledgement bit is generated when the data line is not pulled down by the receiver 
during the acknowledgement clock pulse. A no-acknowledgement bit is used to terminate a read 
sequence. 
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A typical write sequence is executed according to the steps below: 


e The master sends a start bit, and after the start bit, the master will send a byte data which is 
comprised of high 7-bit slave device’s address and a write bit. 


e The slave device acknowledges its address by sending an acknowledgement bit back to the 
master. 


e The master then transfers the data 8 bits at a time, with the slave sending an acknowledgement 
bit after each 8 bits are sent. 


e The master stops writing by sending a stop bit after all bytes have been transmitted. 


A typical read sequence is executed as follows: 


e The master sends a start bit, the slave address, a write bit and register address just as in the write 
sequence. The slave device acknowledges its address and data by sending an acknowledgement 
bit back to the master. 


e The master sends a start bit and the slave address with a read bit. The slave device 
acknowledges its address by sending an acknowledgement bit back to the master. 


e The slave device sends the register data out. The master receives the byte data and sends an 
acknowledgement bit after each 8 bits are transferred. 


e The data transfer is completed when the master sends a stop bit after a no-acknowledgement bit. 
Register Definitions 
Register Address Mapping 


Base Address 


[Restor =i eaerpion 


I2C_0 base address I?C module 0 register map 
I2C_1 base address I?C module 1 register map 


Table 621: I?C Base Address Mapping 


Register Mapping 


RISC Address i> [Regier _——‘[Desetpton——SSCSCS~S~*d 
0x000 I2C_CLK_CTRL ?C clock control register 
O04 Se Co 


Ox00c 12C_STATUS ’C status register 
0x010 I2C_CTRL ?C control register 


O08 a 
0x014 I2C_lIO_CTRL ?C and I/O control register 
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2 . . 
0x018 I2C_SDA_DELAY The delay of IC SDA driven after the SCL negative 
edge register. 
0x01C I2C_CMD_START a command after the command buffer 


Table 622: I’C Interface Register Mapping 
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Register Descriptions 
e /?C Clock Control Register (I2C_CLK_CTRL) — 0x000 


[ee [Nene [Det [Dessrpon 


The divider of the I?C clock from io_clk. 

If Fi2c is greater than 100k 
Value=Fio/(5.5*Fi2c) 

15:0 (R/W) CLK_PER 46’h00 Else if Fi2c is less than 100k 

Value=Fio/(5*Fi2c) 

User can adjust the coefficients based on the 

waveform. 

Up to 300Kbps. 


Table 623: I?C Clock Control Register 


e °C (Reserved.) — 0x004 
e °C (Reserved.) — 0x008 
e ?C Status Register (I2C_STATUS) — 0x00c 


Busy state flag 


Transfer flag. It will be cleared after each byte 
transfer. 


Received acknowledge data. 
0: ACK 
1: NACK 


Transfer interrupt. It will be triggered after each byte 
read or write operation. Write 1 will clear this 
interrupt. (test only) 


Stop interrupt. It is triggered when a stop bit is 
detected in the bus. Write 1 will clear this interrupt. 


Reserved 


0(R) I2C_BUSY 


6 (R) STOP_INT 


7(R) 
8 (R) CMD _| | CMD_FINISH_INT INT a Command buffer executes the finish interrupt 


9 (R) ERROR_INT jv | da buffer executes the error interrupt (ACK 
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CMD_INDEX 


3 When cmd.exe outputs errors, the value is the 
8’h00 
command error index. 


Table 624: I?C Status Register 


e |?C Control Register (I2C_CRTL) — 0x010 


1: Enables the core 
0: Disables the core 


1: Works in master mode. 
0: Works in slave mode (not supported) 


Reserved 


Command buffer execute finish interrupt enable 
12 (R/W) Command buffer execute error interrupt enable 
: KO” | Reserved 


Table 625: I?C Control Register 


e [?C I/O Control Register (I2C_lO_CTRL) — 0x014 


fei [Name ‘[Defaut [Description 
1:0 (R) IO_IN 2’;h00 Input data from I/O pins (test only) 
3:2 (R/W) iO_OUT 2°h00 Output data to I/O pins (test only) 


I/O pin enable (test only) 
5:4 (R/W) IO_EN 2’h00 1: 2 pins used as output 
0: 2 pins used as input 
0: Used as I’C pins (test onl 
6 (RW) I2C_10 1'b0 aes y) 
1: Used l|O_OUT (test only) 
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Description 


Reserved 


Table 626: I?C I/O Control Register 
e |?C SDA Driven Delay after SCL Negative Edge Register (I2C_SDA_DELAY) — 0x018 


SDA line delay pull-up after SCL negative edge. 
7:0 (R/W) SDA_DELAY_REG | 8’h20 Users can set the bit the same as 
“I2C_CLK_CTRL.’ If it is over Oxff, set it to Oxff. 


SCL line input filter configuration: 
2’b00: No filter 
9:8 (R/W) SCL_FILTER_REG | 2’b00 2’b01: 3 I/O CLK filter 
2’b10: 6 I/O CLK filter 
2’b11: 10 I/O CLK filter 


I 


Table 627: I?C SDA Line Be Driven Delay after SCL Negative Edge Register 


e °C CMD Start Execute Register (I2C_CMD_START) — 0x01C 


Description 


Writing this bit will start executing the command from 
: cmd_buffer. After the command is executed, hardware will 
a ES ae PRU clear the bit regardless of whether the command was 
executed. 


I 


Table 628: I?C Command Start Execute Register 


e °C CMD Buffer Register (I2C_CMD_BUFFER) — 0x030~ 0x06C 


[amo [Deteut [escrpion 


The repeat time of command execution. It will be cleared 
after the command is executed. 
0: 1 time 
2:0 CMD_RP 3’b000 ae 
= 1: 2 times 
7: 8 times 
It will be cleared after the command is executed. 


3 (R/W) Send the ACK bit during the read operation. 
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0: Send ACK 

1: Send NACK 

Check ACK bit during the write operation 

0: Check ACK 

1: No check ACK 

It will be cleared after the command is executed. 


Write a byte to the IC bus. It will be cleared after the 
command is successfully executed. 


Read a byte from the bus. It will be cleared after the 
command is successfully executed. 

Send a stop after the transfer. It will be cleared after the 
command is successfully executed. 

Send the start before transfer. It will be cleared after the 
command is successfully executed. 


pReseved 


Table 629: I?C Command Buffer Register 


There are two command formats: 


- Read Command one dword align 


a 


Read 


Table 630: Read Command Format 


-— Write command, two dword align 


a ee ea 


Table 631: Write Command Format 


If the previous command is a write command, the next command buffer will fill in the write data 
(not the next command). So if it fills in all read commands, it can fill 16 read commands, if fill the 
write command, it will only fill 8 write commands and 8 write data. 


If errors occur during command execution, the command buffer will hold the command data rather 
than clear the data, and it will also set the I2C_CLEAR bit in I2C_CRTL register. 


e (?C Read_data_buffer Register (I2C_Read_data) — 0x080~0x8C 
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fe [Name [Detau [Descrpion 
7:0 (R) DATA_BYTE_0O | 8’h00 The read data buffer 
15:8 (R) DATA_BYTE_1 | 8’h00 The read data buffer 


23:16 (R) DATA_BYTE_2 | 8’h00 The read data buffer 
31:24 (R) DATA_BYTE_3 | 8’h00 The read data buffer 


Table 632: I?C Read_data_buffer Register 


The maximum data size should be 16 bytes when the data buffer receives a read request. 
However, if the data received exceeds 16 bytes, then data will overflow without outputting any INT 
error. Therefore it is recommended to take this into account when designing software. 


When the current command buffer reaches 16 bytes or the data of next command buffer is 0, the 
controller will stop to execute and return results (the write data will not be included). 
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PACKAGE AND PIN SPECIFICATION 


Mechanical Drawing of Package 


[=[0.45[C] (2x) 


#A1 Indicator 


Figure 100: Top View 
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Figure 101: Side View 
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285-00.30+0.05 


an] 00.15 MN CTA 
epee #A1 INDEX MARK 


(Datum B) 


L. 
M 
N 
p 
R 
T 
U 
Vv 
Ww 


15-1) 0.65 = 9.10 


Figure 102: Bottom View 


1. ALL DIMENSIONS AND TOLERANCES CONFIRM TO 
ASME Y14.5M-1994 
2. REFERENCE SPECIFICATIONS: 
A.THIS DRAWING CONFORMS TO THE JEDEC REGISTERED OUTLINE MO-246 


Figure 103: Notes for Package Information 
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Pin Sequence and Ball Assignment 


As Bal Name | Ball Name 


x_sd_dat_3[0] VDDIO pvhbcudtbrt_s a” 
x_sd_dat_3[1] VDDIO | pvhbcudtbrt_s Tt a 


7 

i 
Ka 
ee a 
pe lee eee | 
sl pee 
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: Drive Default Reset 


a eae (a a 


x_uris_0 VDDIO pvhbcudtart_s i eal | GPIO 
x_usclk_1 VDDIO pvhbsudtbrt_s | Cd0I12I-c GPIO \(Z) 
d1[12] 
cdO[12]:c 
x_urxd_1 VDDIO pvhbcudtart_t | COOL Tre | GPIO 
d1[11] 
cd0[1 1]:c 


VDDIO pvhbcudtart_s 
VDDA3V3 
VDDA3V3 


OSL 
eer a 
Ca CO 
fon [wooo mosses 
poet [wooo [roscoe 
Ca 


aS 
N 
~~ I~ [Ii ~~ iIi~Iin~ lm 


~~ 
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: Drive Default Reset 
x_gpio[7] VDDIO pvhbcudtart_s GPIO \(D) 
-_gpio[8] VDDIO pvhbsudtart_s GPIO \(U) 


X 
, decided by | (U):GPI 


( gpio[9] VDDIO pvhbcudtart_s booted O/I(U):J 
TAG 

X_gpio[10] VDDIO pvhbcudtart_t 

X_gpio[11] VDDIO pvhbcudtart_s 


(U):GPI 
O/I(U):J 
TAG 


P 
; 
P 

decided by _ | \(U):GP! 
1 
1 
1 
1 


decided by 
boot mode 


O/\(Z):J 
TAG 


decided by au 
boot mode TAG 
decided by ee 
boot mode TAG 


boot mode 


a 
a 
= 
a 
_ 
_ 
a! 
a 


(U):GPI 


decided by O/I(U):J 


boot mode 


(D):GPI 


decided by Oll(D):J 


boot mode 


= T 
x_test_mode[1] ie on pvhbcudtart_s 
x_test_mode[0] = plo pvhbcudtart_t 
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cdO0[8]:cd 
1[8] 


oe ~_ 
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: Drive Default Reset 
A5 Ball Name IOPST Pad Cell Default State 


mem_clk_ 

mode[1] 
MEM 
MEM 
MEM 
MEM 
MEM 
MEM 
MEM 
MEM 
MEM 
MEM 


7 


° ; ; a 
mem_ctrl 
VDDIO_M _mode[0]: 
x_ma[9] EM pvmbsudtbrt_t mem_ctrl 
_mode[1] 
mem_ctrl 
VDDIO_M _mode[0]: 
x_ma[5] EM pvmbsudtbrt_s mem. ctrl 
_mode[1] 
mem_ctrl 
VDDIO_M _mode[0]: 
x_mal[4] EM pvmbsudtbrt_s mem_ctrl 
_mode|[1] 
mem_cirl 
VDDIO_M _mode[0]: 
x_ma[8] EM pvmbsudtbrt_t mem. ctrl 
| _mode[1] 
mem_ctrl 
x_ma|[7] vOBlM pvmbsudtbrt_s Bi elala la 
E mem_ctrl 
_mode[1] 


7 


7 


7 


M 
mem_ctrl 
VDDIO_M _mode[0]: 
x_mal[11] EM pvmbsudtbrt_s mem. ctrl 
_mode[1] 
mem_ctrl 
VDDIO_M _mode[0]: 
x_mal[6] EM pvmbsudtbrt_t mem. ctrl 
_mode[1] 
mem_ctrl 
VDDIO_M _mode[0]: 
x_gatei EM pvmbsudtbrt_s mem. ctrl 
_mode[1] 
mem_ctrl 
VDDIO_M _mode[0]: 
x_gateo EM pvmbsudtbrt_s mem_ ctrl 
_mode[1] 
mem_ctrl 
VDDIO_M _mode[0]: 
x_mcke EM pvmbsudtbrt_s mem. ctrl 
_mode[1] 
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: Drive Default Reset 
A5 Ball Name IOPST Pad Cell Default State 


mem_ctrl 

_mode[1] 
MEM 
MEM 
MEM 
MEM 
MEM 
MEM 
MEM 
MEM 
MEM 
MEM 


7 


7 


E am = 
mem_ctrl 
VDDIO_M _mode[0]: 
x_mal[13] EM pvmbsudtbrt_s mem. ctrl 
_mode[1] 
mem_ctrl 
VDDIO_M _mode[0]: 
x_mwe_b EM pvmbsudtbrt_t mem. ctrl 
_mode[1] 
mem_ctrl 
VDDIO_M _mode[0]: 
x_mcas_b EM pvmbsudtbrt_s mem. ctrl 
_mode|[1] 
mem_cirl 
x_mras_b ¥pDIO_M pvmbsudtbrt_s riage 
M mem_ctrl 
| _mode[1] 


a 


—) 


7 


M 
mem_ctrl 

VDDIO_M _mode[0]: 

x_m_ba[0] EM pvmbsudtbrt_s mem_ ctrl 
_mode[1] 

mem_ctrl 

VDDIO_M _mode[0]: 

x_m_ba[1] EM pvmbsudtbrt_s mem. ctrl 
_mode[1] 

mem_ctrl 

VDDIO_M _mode[0]: 

x_ma[10] EM pvmbsudtbrt_t mem. ctrl 
_mode[1] 

mem_ctrl 

VDDIO_M _mode[0]: 

x_ma[0] EM pvmbsudtbrt_s mem. ctrl 
_mode[1] 

mem_ctrl 

VDDIO_M _mode[0]: 

x_mal[1] EM pvmbsudtbrt_s mem. ctrl 
_mode[1] 
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7 


7 


7 


7 


je) 

= 

= 
= 


° 
mem_ctrl 
x_mcs_b vOBlM pvmbsudtbrt_t ni elala lal 1 
E mem_ctrl 
_mode[1] 
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: Drive Default Reset 
mem_ctrl 
x_mal2] tym | pembsudtiri:s | mocell | 4 O 
_mode[1] 
mem_ctrl 
x_ma[3] oe pvmbsudtbrt_s mess ' O 
_mode[1] 
mem_dat 
a_mode[0 
x_md[15] VDDIO_M | ovmbsudtbrt_s | :mem_da 
eM ta_mode[ 
1) 
mem_dat 
a_mode{0 
x_md[14] ¥EDIO_M pvmbsudtbrt_t | ]:mem_da 
Bai ta_mode[ 
1] 
mem_dat 
| a_mode[0 
x_md[13] VDDIO_M | ovmbsudtbrt_s*} mem. da 
ee ta_mode[ 
1] 
mem_dat 
a_mode[0 
x_md[12] ae pvmbsudtbrt_s | :mem_da 
ta_mode[ 
1] 
mem_dat 
a_mode[0 
x_mdqn [1] VDQIOW! pymbsudtbrt_s | ]:mem_da O 
ay ta_mode[ 
1] 
mem_dat 
a_mode[0 
x_mdqs[1] wD pvmbsudtbrt_s | ]:mem_da 
EM ta_mode[ 
1] 
mem_dat 
a_mode[0 
x_md[11] VDDIO_M | ovmbsudtbrt_s | :mem_da 
EM ta_mode[ 
ay 
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(L) 

(L) 
\(Z) 
\(Z) 
\(Z) 
\(Z) 

(L) 
\(Z) 
\(Z) 
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: Drive Default Reset 


mem_dat 
a_mode[0 

x_md[10] VDDIO_M | ovmbsudtbrt_s | j:mem da | 1 MEM 
a ta_mode[ 

1] 

MEM 

MEM 

MEM 

MEM 

MEM 

MEM 

MEM 

MEM 


=e 
- 


E = — 
mem_dat 
a_mode[0 
x_md[9] aaa pvmbsudtbrt_t | ;mem_da 
ta_mode[ 
1] 
mem_dat 
a_mode[0 
x_md[8] re pvmbsudtbrt_s | ]:mem_da 
ta_mode[ 
1] 
mem_dat 
a_mode[0 
x_md[7] re pyvmbsudtbrt_s | ]:mem_da 
ta_mode[ 
1] 
| mem_dat 
a_mode[0 
x_md[6] os pvmbsudtbrt_t | ]:mem_da 
ta_mode[ 
1] 
mem_dat 
a_mode[0 
x_md[5] oe pymbsudtbrt_s | ]:mem_da 
ta_mode[ 
1] 
mem_dat 
a_mode[0 
x_md[4] Li pvmbsudtbrt_s | ]:mem_da 
ta_mode[ 
1] 
mem_dat 
a_mode[0 
x_mdqm[0] es pvymbsudtbrt_s | ]:mem_da O(L) 
ta_mode[ 
1] 
mem_dat 
a_mode[0 
x_mdqs[0] a pvmbsudtbrt_s | ]:mem_da \(Z) 
ta_mode[ 
1] 
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: Drive Default Reset 
A5 Ball Name IOPST Pad Cell Default | Function 


mem_dat 
a_mode[0 
x_md[3] a i pvmbsudtbrt_s | ]:mem_da 
ta_mode[ 
1] 
mem_dat 
a_mode[0 
x_md[2] aaa pvmbsudtbrt_s | ]:mem_da 
ta_mode[ 
1] 
mem_dat 
a_mode[0 
x_md[1] re pymbsudtbrt_t | ]:mem_da 
ta_mode[ 
1] 
mem_dat 
a_mode[0 
x_md[0] ae pvmbsudtbrt_s | ]:mem_da 
ta_mode[ 
1] 
x_df_ad[7] eo pvhbcudtbrt_s 
x_df_ad[6] eri pvhbcudtbrt_s 
x_df_ad[5] Med pvhbcudtbrt_s 


x_df_ad[4] vorey pvhbcudtbrt_s 
x_df_ad[3] VDOION | pvhbcudtbrt_s 


N N N 


N 


\(Z):Nan 


decided by d/(Z):S 
D 


cdO[9]:cd 
1[9 boot mode 
\(Z):Nan 
d/\(Z):S 
D 


cdO[9]:cd decided by 


boot mode 


\(Z):Nan 
d/\(Z):S 
D 


cdO[9]:cd decided by 


boot mode 


\(Z):Nan 
d/\(Z):S 
D 


cdO[9]:cd 
1[9] 


decided by 
boot mode 


\(Z):Nan 
d/\(Z):S 
D 


cdO[9]:cd 
1[9] 


decided by 
boot mode 


\(Z):Nan 


cd0[9]:cd diN(Z):S 
D 


decided by 
boot mode 


x_df_ad[2] a o pvhbcudtbrt_s 


x_df_ad{1] era pvhbcudtbrt_s 
x_df_ad[0] VOPION | pvhbcudtbrt_s 


\(Z):Nan 
d/\(Z):S 
D 


decided by I(Z):Nan 
boot mode d/I(Z):S 
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cdO[9]:cd 
9 


decided by 
boot mode 


cd0[9]:cd 
1[9] 


= = = = 

— — — — — 
i<e) i<e) i<e) 

= = = = = 
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: Drive Default Reset 


x ef vaate pvhtbr00_efus 
ikon es 
= es 


VDDIO_N cd0[9]:cd 
VDDIO_N cdO[9]:cd decided by 
VDDIO_N cdO[9]:cd decided by 


decided by 
boot mode 


decided by 
boot mode 


O(H):Na 
nd/I(Z): 


= 


050 


~ D 
~~ D 
Cc 


VDDIO_L cdO[0]:cd 
x_Idd[1] pvhbcudtcrt_s [0] 
x_Idd[2] aie pvhbcudtcrt_s eed fico O(L) 
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x_df_cs _ b[0] et pvhbsudtbrt_s i na can 


; 
; 
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L 
L 


Cc 
L 


VDDIO pvhbcudtert_s 
VDDIO pvhbcudtert_s 
X_gps_sample_clk VDDIO pvhbcudtcrt_s 


~~ Jwmnstltrweo | wH 
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: Drive Default Reset 
VDDIO | pvhbcudtbrt_s a \U) 


VDDIO pvhbcudtbrt_s ac a (U 
x sd_dat_1[2] VDDIO —_| pvhbcudtbrt_s ail 
Table 633: Pin Status 
Ad Ball Founction 
Name 1 Note 
x_sd_dat_il | 54 gat_1[3] 


x_sd_clk_3 sd_clk_3 


~~ 


padctrl[146] 


gpio1[2] padctrl[121] 


gpiot[3] padctrl[122] 


gpio1[28] padctrl[123] 


padctrl[124] 


El 
= 


x_sd_dat_sl | q dat 314] spi_clk_0 gpio1 [29] | 
x_sd_dat_3[ sd_dat_3[2] gpio1[0] | padctrl[125] 


N 


padctrl[126] 


x_ac97_bit_ | ac97_bit_cl |. 


x_ac97_dout | ac97_dout | i2s_ dout/[0] 


Er Cc CO 
cssk.o [sao | esenee[_fovearer [- [rower 


padctrl[68] 


gpio4[24] padctrl[127] 


gpio4[25] padctrl[128] 


padctrl[129] 


x_sd_dat_3[ | gpio1[1] 
a 
a 
a 


padctrl[130] 


3] 

Ean 
so sa 
saan 
a 
fat 
fo 
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A5 Ball Founction 
Name 1 Note 
usb1_utm 
i_drvvbus 
0 


x_utfs_0 
x_urfs_ 0 


x_usclk_1 


x_urfs_1 


headphon 
er 


i2s_dout[ 

pot lo | 
headphon 

e | 


xX_scan_en scan_en 


x_usb_id 
x_usb_vbus 
x_usb_dp 


x_usb_txrtun 
e_rkelvin 


x_usb_dn 


x_cko_0 
X_gps_clk | 
x_gpio[0] 


x_gpio[1] 


eter owno 
ast [owet 
cones [owe 
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gpio0[22] 
gpio0[23) 


zy =— 
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padctrl[42] 
padctrl[43] 


padctrl[44] 


padctrl[45] 


padctrl[46] 


padctrl[47] 


padctrl[48] 
padctrl[49] 


padctrl[50] 


padctrl[161] 
padctrl[5] 
padctrl[23] 
padctrl[24] 
padctrl[25] 
padctrl[26] 
padctrl[27] 
padctrl[28] 


padctrl[29] 


510 
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| gpiod[7] f= padctrl[30] 
jgpioois] f- | padctrl[31] 
padctrl[32] 
padctrl[34] 
padctrl[35] 
padctrl[36] 
padctrl[37] 
padctrl[38] 


padctrl[33] 


padctrl[0] 
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A5 Ball Founction 
Name 1 Note 


padctrl[1] 


x 
cs) 


padctrl[116] 
padctrl[215] 
padctrl[180] 
padctrl[176] 
padctrl[175] 
padctrl[179] 
padctrl[178] 
padctrl[181] 


jetta | 


padctrl[177] 


padctrl[183] 
padctrl[182] 
padctrl[216] 
padctrl[184] 
padctrl[185] 
padctrl[186] 
padctrl[187] 
padctrl[188] 
padctrl[189] 
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padctrl[190] 
padctrl[191] 
padctrl[192] 
padctrl[193] 
padctrl[194] 
padctrl[214] 
padctrl[213] 
padctrl[212] 
padctrl[21 1] 
padctrl[209] 
padctrl[210] 
padctrl[208] 
padctrl[207] 
padctrl[206] 


padctrl[204] 


padctrl[203] 
padctrl[202] 
padctrl[201] 
padctrl[199] 
padctrl[200] 
padctrl[198] 
padctrl[197] 
padctrl[196] 
padctrl[195] 


padctrl[110] 


sd_dat_O[ | sd dat 2 
sd _dat_O[ | sd dat 2 
sd_dat_O[ | sd dat 2 
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padctrl[147] 


padctrl[148] 
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A5 Ball Founction 

Name 1 Note 

x_df_ad[3] | df_ad{[3] Soe - vale - padctrl[150] 
x df_ad[2] | df_ad[2] eg dat] 2 pate ef padctrl[151] 
x df_ad{t] | df_ad{1] re a pale padctrl[152] 
x_df_ad[0] df_ad[0] padctrl[153] 


x_ef_fsource 


x_df_cle padctrl[132] 


x_df_ale age Ne padctrl[133] 
x_df_we_b padctrl[120] 


x_df_re_b em padctrl[120] 
x_df_ry_by df_ry_by padctrl[162] 


x_df_wp_b df_wp_b padctrl[131] 
x_df_cs_b[1] | df_cs_b[3] padctrl[108] 


x_df_cs_b[0] 


— 


padctrl[109] 


x_|_pclk padctrl [6] 


x_|_Ick padctrl[141] 


x_|_fck ” padctrl[142] 


x_| de padctrl[143] 


x_Idd[0] padctrl[163] 


x_Idd[1] padctrl[164] 
x_Idd[2] padctrl[165] 
x_Idd[3] padctrl[166] 
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A5 Ball 
Name 


Or 
Cm 
4 
conn 
es 
cos 
seme 


padctrl[167] 
padctrl[168] 
padctrl[169] 
padctrl[170] 
padctrl [171] 


padctrl[172] 


x_Idd[10] 
x_Idd[11] 
x_Idd[13] 
x_Idd[14] 
x_Idd[15] 
X_gps_sgn gpio3[20] 
X_gps_mag gpio3[21] 


X_gps_samp | gps_sampl 
le_clk gpio3[22] 


padctrl[173] 
padctrl[174] 
padctrl[154] 
padctrl[155] 
padctrl[156] 
padctrl[157] 
padctrl [2] 


padctrl[3] 


padctrl [4] 


padctrl [62] 


ne eae A gpio1 [7] 


| sd wp bt gpio1[9] 
x_sd_clk_1 sd_clk_1 gpio1[10] 
x sd cmd_1 gpio1[1 1] 


x_sd_dat_il | 4 gat 110] gpio1[12] 
x_sd_dat_tl | cg gat 4[4] gpio1[13] 
iii | sd_dat_1[2] gpio1[14] 


Table 634: SiRFatlasV Pin Share 


padctrl[63] 


padctrl[64] 


padctrl[65] 


padctrl[66] 


padctrl[67] 


padctrl[144] 


— 
— 


padctrl[145] 
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[Pavan [Pmt —iewaron 


E10, £11, F11, 
E8 


oo needed 


rc 


Oo 


E 
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DEFDCDC2 
VDCDC2 


EN_LDO2 
VLDO3 
EN_LDO3 
VLDO4 
4 


EN_LDO4 
THRESHOLD 


HYSTERESIS 
COMPO 


Ground List 


August, 2010 
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Input to adjust output voltage of DCDC2 through 
external resister divider 

Feedback voltage sense input, connect directly to 
the output of DCDC2 


LDO2 feedback input for the external voltage 
divider 


_DO4 feedback input for the external voltage 
divider 


Enable control of LDO4, active high 


Select between Power Safe Mode and forced 
PWM Mode for DCDC1 and DCDC2. In Power 
Safe Mode, PFM is used at light loads, PWM for 
higher loads. If PIN is set to high level, forced 
PWM Mode is selected. If Pin has low level, then 
the device operates in Power Safe Mode 


Input for bypass capacitor for internal reference, 
bypass capacitor needed 

Voltage comparator input, connect to external 
resister divider 

Input for hysteresis on threshold, connect to 
external resister divider 


Voltage comparator output, open-drain output, 
active low 


E9, F6, F7, F9, G8, G10, G11, 
H6, H7, H9, H10, J6, J7, J10, 
J11, K7, K8, K9, K10, L6, L7, 
L9,L11, M6, M8, M10, M11, 
N7, N8, N9, N10, P8,P9, R8, 
RY, T7, T8, T9, T10, U7, U8, 


The main digital ground domain. 
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[PinNum | Deseriation 


N1, N2 Analog ground for PLL. 


VSSIO_OSC I/O ground for oscillator 


LDO2 feedback input for the external voltage 
divider 


Enable control of LDO2, active high 


Power output of LDO3 
Enable control of LDO3, active high 
Power output of LDO4 


LDO4 feedback input for the external voltage 
W2 so 
divider 
Enable control of LDO4, active high 
Input for bypass capacitor for internal reference, 
W15 ; 
bypass capacitor needed 
Voltage comparator input, connect to external 
U5 ae 
resister divider 
Input for hysteresis on threshold, connect to 
U4 aa 
external resister divider 
V3 Voltage comparator output, open-drain output, 
active low 
Ground List 


E9,F6,F7,F9,G8,G10,G11,H6, 

H7,H9,H10,J6,J7,J10,J11,K7, 

K8,K9,K10,L6,L7,L9,L11,M6,M a a 
VSS 8,M10.M11,N7,N8,N9.N10,P8, The main digital ground domain. 

P9,R8,R9,T7,T8,T9,T10,U7,U8 

,U9,V9 


VSS_PLLO/1 N1, N2 Analog ground for PLL. 
VSSIO_OSC I/O ground for oscillator 


THRESHOLD 


HYSTERESIS 


COMPO 
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[peciion 
Digital ground for internal touch screen controller. 
Analog ground for the Touch Screen Controller. 


Analog ground for USB PHY 
MoDAC ground 


Table 635: SiRFatlasV Power/Ground List 
1 2 3 4 5 6 8 : 0 12 13 14 15 

X_gp x_gp xd xId REC io | eCionl xen 
s.mag_| s.sgn | d[15] | dl d[7] d[3] ad ad[4] | ad{7] | d[0] 

wel e2 [aul aml ag [ag Coe (1 | lag 
mple_ck | scl | d[14] | d{10] d[6] d[2] wale d ad[3] | ad[6] | d[1] 
xsd | x-sdidi| x_Id x_Id x_Id xId xf. | x_df. | x_md 

clk_1__fat_1[0] | [13] d[5] dU] _cle ad[2] | ad{5] | qm[0] 

etol || Seal |] pelle | xd df d leeds || See xm 

clk.3 | crnd_l | d[12] d[4] a te_b |SOURCE} al3] | d[7] 


Pe |[PeeyolLtol|| sie Stole, |] ‘ xm 
kot _[at3(3}| cmd.3| wp.b.1 | a d{6] 


X_US XSdV | yoo = xm 

bit.clk | clk0 | 7din }at_3[2]| cc_on_l _ CORE | all] | [11] 
mxacdg] xus | xu] x PARES oo V VS xm | xm 
7dout | clk_1__| xd_0 | xd_0 | cd_b_t u alO} | [13] 


AC : 
VDDA | x_ac9 x all RUSE VSS DD_ V VDDI | xma} x_m_ 
-USB_| 7esync_| xd_1_| xd_l | an en i O_MEM | [10] | ball 
V 
V 


xus | VSSA | xur | xur | VDD Z | vss | vss | xm. | xm 
b_dp USB fs_ fs_0 _ bal] | we_b 


3) 

So 

So 
ET Pt | rs fatal es Peg 
‘ xd_] O_MEM | cs_b | [12] 

Ss 

SS 


oe] 


ao 
mashes 


VDD VDD. | VSS ' VDD_ 


f | ys | VOO xm | xm 
PLLO PLLI |O_OSC]|_ xd_1 9] | CORE O_MEM al7]_ | al4) L 
mi | wu_| tt St et SEE 

=1_| et {ait | ai Sas 
wat | ial | i | at | oft) leogta moos | 85 | 88 [rose] et | | ta 
ra_| ey (a | set ot lesa] YS | 9s | ves | ws | os | St 
i re Vera 
Eni eal ea 


‘a ‘ VINDC FBD | VIN 
mm viD04 | Bate pet coct_|Lpo12| coc2 | Lp02 
1 ) 3 i 5 6 7 8 g 


vss 
Peale Peal VDD! i YDDI xma | Xm 
xd.0 | xd0 |0.08C : N88 YS |owem| “| tay | che 
vss 


a. 


oil TCH 


ic 
ae 
= 


i 12 13 14 15 


Figure 104: Package Definition 
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eat 
eC 
; power [ex anonis [wis Pera 
5 frcwarir [es [astm [ie fener 

fee [amare pret 
7 focwass [ers [eater [ns Paver 


A 
5 
14 
FES | x_test_mode[0] 
1 
11 
4 


9 x_|_pclk E15 


x_md[10] 


A13 


E1 
E2 
E3 
E4 
E5 
14 
4 
2 
3 
4 
5 


A 
A 

A = 
A 

A a 
A a 
A a 
A 

A 

A 

A 


A15 


N 

N 

N 

Fe 

= P 


2 


x_ac97_dout x low_batt_b 


3 

A 
ee 

ae 

: 
pio 

2 

3 

4 

5 


x_gps_clk x_md[9] P10 
x Idd[14] 


jsi3 | 
G14 fRe | 
RIO 


x_gpio[8] 


B 
B 
B 
B4 
B 
B 
B 


3 
5 
7 
8 


B10 


fotear [oie Penara 
z= 


1 
2 
1 


4 
2 


B 
B 


1 
1 
1 
1 
1 
1 
1 
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x_sd_dat_1[3] 
x_sd_clk_1 


x_df_ad[5] 


x_mdqnm[0] 


i?) 


x_sd_dat_3[0] 
x_sd_clk_3 


x_sd_cmd_1 


iw) 
BK 


x_Idd[12] 
x_Idd[8] 
x_Idd[4] 


0 
N 


o (a) Ne) =k = 


x_Idd[0] 
x_df_cs_b/1] 


x_df_re_b 


iw) 


August, 2010 


SiRFatlasV 
AT551 Datasheet 


: 


x_usb. ixrtune_rkelvin X_gpio[6] 
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Ball Ball Ball 
Ball Name location Ball Name Ball Name 


Table 636: SiRFatlasV Ball Assignment 


Pad Type Description 


Bi-Directional Buffer: PV[a][b]B[c]UDT [d][e] 


C type Output Driver 
[ 


| 


Retention I/O 
Fail-Safe I/O 


PVHbcudtart 
//O 
PVMbcudtart 
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ee eae 
Input Mode 


Pull-Up/Down pvhbcUDtart 
Output Type pvhbcudTart 

pvhbcudtArt 
Driver Strength pynpoualstt 


Retention I/O 
Failsafe I/O 


Analog pad with Oohm, 50ohm and 1000hm 
resistor 


Table 637: SiRFatlasV Pad Type Naming Description 


Power pvhbcudtaRT 
Management 
Function pvhtbcudtaFS 
Analog In-Out pvhbR 
Resistor 
pvhtbr00_efuse 
pvhbcudtart 


4-step Controllable Slew rated Low Driver 
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Parameter (Driver Type) 


August, 2010 


CD1=0,CD 
0=0 


CD1=0,CD 
O=1 


CD1=1,CD 
0=0 


CD1=1,CD 
O=1 


CD1=0,CD 
0=0 


CD1=0,CD 
O=1 


CD1=1,CD 
0=0 


CD1=1,CD 
O=1 


Typical 
VDD=3.30V 
T=25 °C 
Process=Nomi 
nal 

Isink at 0.20V 


Isource at 
3.10V 


Worst 
VDD=3.00V 
T=125 
Process=Slow 
Isink at 0.20V 


Isource at 
2.80V 


SiRFatlasV 
AT551 Datasheet 


Best 
VDD=3.60V 
T=-40'C 
Process=Fast 
isink at 0.20V 


isource at 
3.40V 


Table 638: SiRFatlasV pvhxxx Pad DC Current of Output Driver Type A, C and B (VDD=3.3V+0.3V) 
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Parameter (Driver Type) 


CD1=0,CD 
0=0 


CD1=0,CD 
O=1 


CD1=1,CD 
0=0 


CD1=1,cD 
O=1 


CD1=0,CD 
0=0 


CD1=0,CD 
O=1 


CD1=1,CD 
0=0 


CdietcD 
O=1 


SiRFatlasV 
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Worst Typical Best 

VDD=2.30V EBS VDD=2.70V 

T=125°C Ee T=-40°C 
Process=Nomi 


Process=Slow val Process=Fast 


Isink at 0.20V Isink at 0.20V Isink at 0.20V 


Isource at lsource at 
Isource at 
2.10V 2.30V 2.50V 


[sous [sama anal _-viana 


Table 639: SiRFatlasV pvhxxx Pad DC Current of Output Driver Type A, C and B (VDD=2.5V+0.2V) 
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Parameter (Driver Type) 


CD1=0,CD 
0=0 


CD1=0,CD 
O=1 


CD1=1,CD 
0=0 


CD1=1;,cD 
O=1 


CD1=0,CD 
0=0 


CD1=0,CD 
O=1 


CD1=1,CD 
0=0 


CD1=1,CD 
O=1 


Worst Uyples 


VDD=1.80V 


VDD=1.65V 
T=125°C 
Process=Slow 
Isink at 0.20V 


T=25°C 


al 


Process=Nomin 


Isink at 0.20V 
Isource at 1.60 


Isource at 1.45 


[one [onal oana 


[souse | 5m 


1.6mA 
-1.6mA 
3.3mA 
-3.2mA 
4.9mA 
-4.8mA 
6.6mA 
-6.5mA 
3.3mA 
-3.2mA 
6.6mA 
-6.5mA 
9.9mA 
-9.7mMA 
13.2mA 
-13.0mA 
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Best 
VDD=1.95V 


T=-40°C 
Process=Fast 


isink at 0.20V 


lsource at 
1.75V 


9.7mMA 


Table 640: SiRFat!lasV pvhxxx Pad DC Current of Output Driver Type A, C and B (VDD=1.8V+0.15V) 
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Worst Typical Best 

VDD=2.30V EBS VDD=2.70V 

T=125°C Wee T=-40°C 
Process=Nomi 


Process=Slow nal Process=Fast 


Isink at 0.20V Isink at 0.20V isink at 0.20V 


Isource at lsource at 


Isource at 
2.10V 2.30V 2.50V 


Siac 12.7mA 19.8mA 28.1mA 
0=0 -10.1 mA -14.1mA -19.5mA 


Parameter (Driver Type) 


epi=1.¢D 16.9mA 26.4mA 37.5mA 
O=1 | source -13.5mA -18.9mMA -26.0mA 


Table 641: SiRFatlasV pymxxx Pad DC Current of Output Driver Type A, C and B (VDD=2.5V+0.2V) 
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Typical Best 
VDD=1.80V VDD=1.95V 


T=25°C T=-40°C 
Process=Nomi | Process=Fast 


nal Isink at 0.20V 
Isink at 0.20V Isource at 


Isource at 1.60 | 1.75V 


epi=1.eD 11.6mA 19.7mA 30.3mA 
ve | source -14.2mA -20.1mA 


Table 642: SiRFatlasV pymxxx Pad DC Current of Output Driver Type A, C and B (VDD=1.8V+0.15V) 


Worst 
VDD=1.65V 
T=125°C 
Process=Slow 
Isink at 0.20V 
Isource at 1.45 


Parameter (Driver Type) 
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POWER MANAGEMENT UNIT 


POWER MANAGEMENT UNIT 


Overview 


AtlasV is integraged Power Managent Unit(PMU), which includes two step-down converters, 
and four LDOs. 


Feature List 


e Two switching DC/DC for core (1000mA) and DRAM (500mA) 

e One high PSRR and low noise 300mA LDO for I/O and peripheral 
e One high PSRR and low noise 150mA LDO for analog power 

e One high PSRR and low noise 10mA LDO for PLL 

e One high PSRR and low noise 100mA LDO for RF 

e One high PSRR and low noise 10mA LDO for RTC 


Functional block diagram 
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wm 
2.2uH 
Ll L 
EN_DCDC1 gaa 
Pe >| DCDC1 R, stn 
Step-down FB_DCDC1 
converter ==C; 
VINDCDC1_2 500mA PGND1 Ra 3 10uF 
all 
Crt 
= 2.2u 
iG aeaale 
ante VDCDC2 - : 
Step-down DEFDCDC2 
EN_DCDC2 converter $ = C, 
Ry 
>! >| 1000mA PGND2 47uF 
EN LDO1 VLDOI 
ri LDOI 
| 100mA 
VINLDO1 2 - 
——- 3 
4.7uF 
EN LDO2 VEDO* - 
is LDO2 R 
a > 150mA FB2 d $ 
=a OF 
Ry 2 4.7uF 
EN_LDO3 VLDO3 ia 
~ >| LDO3 
>| 10mA 
VINLDO3 4 al OF 
2.2uF 
VLDO4 = 
LDO4 
EN LDO4 R 
=~»! a 50mA FB4 TF 
=i OF 
Rn 2.2uF 
VLDOS 
LDOS 
10mA 
= (9 
2.2uF 
HYSTERSIS COMPO 
RESET = 
—————_— —-— Jnr 
THRESHOLD 
7 BP 
== Cs 
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Figure 105 PMU Module Diagram 
Pin Description 


The fallowing table was pin description about PMU module 


Power input for switching DCDC 1 and 2. 


Power input for LDO1 and LDO2; Power for internal switching DC/DC and 
LDOs 


fi 
oi el 
fo [SwichpinforoC0C%,comectonaicir 
[fewrrocct SCS 
feed Input to adjust output voltage of DCDC1 through external resister divider 
[T [erable conte of0e0er.echenh 
[o[SwichpinfrO60¢2,comectvineiaer 
[rfewrrocce SS SSSC*S 
= Input to adjust output voltage of DCDC2 through external resister divider 
vocnc2 _[1_| Feedback voltage sense input, connect directly to the output of DCDC2 | 
EN-pope2 {|_| Enable control of DCDC2 actvehigh 
vDo1 }O|PoweroutputotLoO1 
fh 
ial 
i 
fi) 
ie 
4 
}o 
aid 
heal 
ie] 
fi] 
ir 
i 
ca 


VINDCDC1_2 
VINLDO1_2 


VINLDO3_4 


Cc 
= 


PGND1 
FB_DCDC1 
EN_DCDC1 


- 
Ds) 


PGND2 
DEFDCDC2 


: 


Input for bypass capacitor for internal reference, bypass capacitor needed 


Voltage comparator input, connect to external resister divider 


HYSTERESIS Input for hysteresis on threshold, connect to external resister divider 


COMPO Voltage comparator output, open-drain output, active low 


able 643 PMU Pin description 


an 
B 


+ 
Z 
oO 
rs 


THRESHOLD 
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Power input for LDO1 and LDO2; Power for internal -0.3 
switching DC/DC and LDOs (V) 
Power input for LDO 3 and 4 (V) -0.3 }6.0 | 


Table 644: Absolute Maximum Ratings 


NOTE —- NOTE - Absolute maximum ratings are stress ratings only, functional operations tested to the 


maximum stress capacity are not guaranteed. Stresses beyond those listed in the table above 
may affect device reliability and cause permanent damage. 
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Table 645: Recommended Operating Conditions 


NOTE - NOTE - The conditions in the table above are tested and recommended (unless specified as 
“to be qualified”). Any device operations not listed in this table may not be guaranteed. 


ELECTRICAL CHARACTERISTICS 


LDO1 Electrical Characteristics 
Operating Conditions (unless otherwise specified) VCCL = 3.6V, Crero= 1.0uF, Ta= 25°C 


Symbol 
VOUTI1 Output Voltage Tload=50uA ~ 150mA +3% V 


VOUT1+0.3VSVCCLS5.5V 


OUT [Output Covent | SSCSOSSCSSCCSSSS—~idSS—~dSO «A 
VOUTIS3V 00m 


VDRPI Drop-out IOUT1=150mA 300 mV 
Voltage 
AVOUTI Line Regulation | yOUT1+0.3VEVCCLS5.5V 3 
pee IOUTI=75mA 
AVOUTI | Load 50uA <IOUTI < 150mA 25 
AIOUTI Regulation 
Ripple f= 10Hz-10kHz, Cou=1.0uF 
Rejection IOUT1=30mA, VOUTS3.0V 
ISS1 Supply Current | LDOIEXON = "H" (ON) 
LDOIEXON = "L" (OFF) 
EN1 Output Noise _} BW=100Hz-100kHz, uVrms 
IOUT1=75mA 


Table 646 LDO1 Electrical Characteristics 


LDO2 Electrical Characteristics 
Operating Conditions (unless otherwise specified) VCCL = 3.6V, Crero= 2.2 uF, Ta= 25°C 


Symbol 


VOUT2 Output Voltage | YJoad=S50uA ~ 300mA 2.5 3.3 V 
range 
VOUT2+0.3VSVCCLS5.5V 


VFB2 Reference -3% 1 +3% V 
Voltage 


[300 [ma 
VOUTISSIV a 
]OUTI=300mA - [300 [mv] 
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Voltage 
Line Regulation | yOUT2+0.3VSVCCLS5.5V 
IOUT2=150mA 


AVOUT2 
AIOUT2 


Ripple f10Hz-10kHz, Cou=1.0uF 


Rejection IOUT2=75mA, VOUTS3.0V 


Supply LDO2EXON = "H" (ON) 
Current* 1 LDO2EXON = "L" (OFF) 
Output Noise | BW=100Hz-100kHz, 
IOUT2=150mA, VOUT2=3.0V 


Table 647 LDO2 Electrical Characteristics 


Note*1: Supply current does not include the consumption current of external resistors 


Table 648 LDO2 External Resistors Table 


LDO3 Electrical Characteristics 
Operating Conditions (unless otherwise specified) VCCL = 3.6V, Crero= 1.0uF, Ta= 25°C 


Symbol Min 


VOUT3 Output Voltage | YJoad=—50uA ~ 10mA -3% 
3.1VSVCCLSS5.5V 
|1OUT3 | Output Current _| 


TOUTS | OutputCument ["SCSC~CS~CSCSCSCS 
ILIM3 VOUTI=1.2V 


VDRP3 Drop-out IOUT3=10mA 

Voltage 
AVOUT3 | Line Regulation | vQUT3+0.3VSVCCLS5.5V 
alias IOUT3=5mA 


AVOUT3 | Load 50uA < IOUT3 < 10mA 
AIOUT3 Regulation 


RR3 Ripple f=10Hz-10kHz, Cout=1.0pF 
Rejection IOUT3=10mA, 


ISS3 Supply Current. | LDO3EXON = "H" (ON) 
EN3 Output Noise | BW=100Hz-100kHz, 
a (OUTS-10mA 


Table 649 LDO3 Electrical Characteristics 


Max Units 
+3% V 


n aD _ ee) ee) 4 
oO i) oO =) LS 
=) 


LDO4 Electrical Characteristics 
Operating Conditions (unless otherwise specified) VCCL = 3.6V, Crero= 1.0 uF, Ta= 25°C 
Symbol Parameter Min 


VOUT4 Output Voltage | YJoad=SO0uA ~ 100mA . 
range 
VOUT4+0.3VSVCCLS5.5V 


VFB4 Reference -3% 
Voltage 
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IOUT4 


Output Current 

Current Limit VOUT4=3.3V 

Drop-out IOUT4=100mA 

Voltage 

Line Regulation | yQUT4+0.3VSVCCLS5.5V 3 
IOUT4=50mA 

Load 50uA <IOUT4 < 100mA 25 

Regulation 


Ripple f10Hz-10kHz, Cou=1.0uF 
Rejection IOUT4=30mA, VOUTS3.0V 
Supply LDO4EXON = "H" (ON) 
Current* 1 LDO4EXON = "L" (OFF) 

Output Noise BW=100Hz-100kHz, 
IOUT4=50mA, VOUT4=3.0V 
Table 650 LDO4 Electrical Characteristics 


ILIM4 
VDRP4 


AVOUT4 
AVCCL 


AVOUT4 
AIOUT4 


Note*1: Supply current does not include the consumption current of external resistors 
Output Voltage 

3.30V 

3.00V 

2.85V 

2.80V 

2.50V 

Table 651 LDO4 External Resistors Table 


LDO5 Electrical Characteristics 
Operating Conditions (unless otherwise specified) VCCL = 3.6V, Crero= 1.0uF, Ta= 25°C 


Symbol Parameter 


VOUTS Output Voltage | YJoad=—50uA ~ 10mA 
Vout5+0.3VEVCCLSE5.5V 


TOUTS | Output Cunent’ | SSCS 
ILIM5 Current Limit VOUT1=3.3V 


VDRP5 Drop-out IOUTS=l10mA 

Voltage 
AVOUTS | Line Regulation | VOUTS+0.3VSVCCLS5.5V 
BY GEL IOUTS5=5mA 
AVOUTS | Load 50uA <IOUTS < 10mA 
AIOUTS Regulation 
ISS5 Supply ON 

Current* 1 


Reverse Current | VOUT5=3.3V&VCCL=0V 


Table 652 LDO5 Electrical Characteristics 


Note*1: The consumption current of the reverse protection is not included. 


Step-down DC/DC Converter1 Electrical Characteristics 
Operating Conditions (unless otherwise specified) VCCA, VCCP = 3.6V, Ta= 25°C L1=2.2uH, Cour=47uF 


DVOUTI | Output Voltage | pvOUTI+0.5SVCCA,VCCPS5.5V 


Range 


DIOUTI [Output Curent’ [SSCS 


August, 2010 SiRF Datasheet — Proprietary and Confidential 535 


Sf SiRFatlasV 


ees AT551 Datasheet 


Frequency 
Consumption VCCA=VCCP=VFB=3.6V 
Current DIOUT1=0mA, no switching 


2.0 

70 
Standby Current | OFF state ; 
Limit detection 800 
Current 
FB Voltage VCCA=VCCP=3.6V,DIOUT1=1mA | -1.5% ae 


Ris re DVOUT1+0.5SVCCA,VCCP$5.5V 
eguiation | DIOUT=DIOUTmax / 2 


FB Load mASDIOUT1$500mA 
Regulation 


Soft-start Time 


cr 
TF bes el 
470 es 
a7pF ot 


Table 654 Step-down DC/DC Converter1 External Resistors Table 


Step-down DC/DC Converter2 Electrical Characteristics 
Operating Conditions (unless otherwise specified) VCCA, VCCP = 3.6V, Ta= 25°C L2=2.2uH, Cour=47uF 
Symbol Parameter Condition Min 


DVOUT2 | Output Voltage | pyOQUT2+1.0SVCCA,VCCPSS5.5V 
7 
0 
1 
2 


Range 
| | 1000 
DISS2 Consumption VCCA=VCCP=VFB=3.6V 

Current DIOUT2=0mA, no switching 

Standby Current | OFF state 
DILIM2 Limit detection 1200 
Current 


= 
FB Voltage VCCA=VCCP=3.6V,DIOUT2=1mA | -1.5% — 


yp 
2 
0 
6 
0 
5 
00 


FB Line DVOUT2+1.0SVCCA,VCCPS5.5V 


Regulation DIOUT=DIOUTmax / 2 


AVFB2 FB Load 1mASDIOUT2S1000mA 
ADIOUT2 Regulation 


Soft-start Time 


Table 655 Step-down DC/DC Converter2 Electrical Characteristics 


Ouipat Voltage 
S10KO T60KQ 


Notes 


300k0 150kQ 
330K0 350K0 


Table 656 Step-down DC/DC Converter2 External Resistors Table 


Table of Graphs 
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Base on RECOMMENDED OPERATING CONDITIONS, TA = 25°C, L = 2.2 uH, Co= 47 uF. (unless otherwise 
noted). 


Efficiency converter 1 vs Output current Figure2 
vs Output current Figure3 


DCDC1 load transient 
response 


Figure10 
Figure‘ 1 
Figure12 


Vin =3.1V 
Vin = 3.6 V 
Vin =4.2V 
—-Vin=5V 
Vin = 5.5 V 
| 10 100 1000 
lout [mA] 
Figure 106 DCDC1 effiency 
Ta=25° C 
100 
Vin = 3.1 V 
90 
Vin = 3.6 V 
Vin =4.2V 
Vin=5V 
Vin =5.5 V 
1 10 100 1000 
lout [mA] 
Figure 107 DCDC2 effiency 
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DCDC1_Vout=1.8V 
Ta=25C 


lout=1mA, VBAT=3.6V 


Tek Previu 


SOomve aba A chi 7 6 dmv 
aie 108 DCDC1 Output ripple at 1mA output current. 


lout=500mA, VBAT=3.6V 


Tek ie 


“To-omvay “arent ME IE 


Figure 109 DCDC1 Output ripple at 500mA output current. 
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DCDC1_Vout=1.8V, Ta=25C 
Sample16 
VBAT=3.6V 
Tek fFiE 
1.66¥ 
T.62¥V 
315us 
316ps 
Chis-ch27y> 
328.9Ms 
| 
ch Ie a aun sev ehe ern OMs are 280V 
1|10.00 % 
Figure 110 DCDC1 start up time 
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VDCDC1=1.8V 
Temp=25C 


Load current from 20mA to 420mA 
Vin=4.2V 


20.0mV Offset:1.7V 50Q 5y:20.0M|| Tm |1.764v | rm / 144mv 100pus/div 100MS/s 10.0ns/pt 
ETD 200mvidiv 4MQ 4y:20.0M GTB |1.794v Stopped I 
@D)30.4mv 7 233 acqs RL:100k 


Figure 111 DCDC1 load transient response 


VDCDC1=1.8V 
Temp=25C 
Load current= 420mA 


Vin=3.6V to 4.2V 


GED 20.0mv Offset:1.7V 500 Ay:20.0m|| erm, S443 200ps/div 100MS/s 10.0ns/pt 
GER 400mvV Offset:3.3V 500 5y:20.0M Stopped 
200mV/div 1MQ 8y:20.0M GD |-26.5mv 195 acqs RL:200k 


Figure 112 DCDC1 line transient response 


August, 2010 SiRF Datasheet — Proprietary and Confidential 540 


DRAFT 


x<Y 
SiRF SiRFatlasV 


ikke, AT551 Datasheet 


Vout =3.3v 
Ne ae 
Temp=25C 


20.0mV Offset:3.2V 50Q 4y:20.0M EMis25v | | erm / 116mv 100ys/div 100MS/s 10.0ns/pt 
100mV/div 4MQ 8y:20.0M 3.254V Stopped 
BD) -31.0mv 979 acqs RL:100k 
Figure 113 LDO2load transient response 


| 


Vin=4.2V to 3.6 


Vout =3.3v 


Temp=25C 


+—+—_+—++ 4 
lout= 240mA. 


20.0mV Offset:3.2V 502 4y:20.0M 
GP 500mV Offset:3.3V 502 Ay:20.0M 
200mVidiv 1MQ %y:20.0M 


BP ia2tys | erm / 4.17v 100pus/div 100MS/s 10.0ns/pt 
azo stopped \ 
oD 447s 117 acqs RL:100k 


Figure 114 LDO2 Line transient response 


COMPO Setting 


AtlasS PMU module contain a comparator that are used to supervise a voltage connected to an external voltage divider, and 
generate a pulse signal if the voltage is lower than the threshold. The rising edge is delayed by 100 ms at the open drain COMPO 
output. The values for the external resistors R13 to R15 are calculated as follows: 


VL = lower voltage threshold; 
Vu = higher voltage threshold; 
VrerF = reference voltage (1 V) 
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V, 
R3 +R, =Rs 4 =1) 
ref 


V, 
R,=R, a) 


L 


Vout AtlasV 
Ry 
HYSTERSIS 
FEE cet 
poo 
COMPO 
COMPARATOR 
Ru & 
THRESHOLD 
pt __$_§_—_—— —_ | 
Ris 
Figure 115 AtlasV COMPO setting 
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ELECTRICAL AND TIMING CHARACTERISTICS 


NOTE - The electrical and timing characteristics in this section are only for SoC part. PMU module is not 
included. 


Absolute Maximum Ratings 


VDD_Core Core power (V 
I/O power (NAND interface) (V) 
VDDIO_L I/O power (LCD interface) (V) 
. (V) 
- (V) 
. (V) 
. (V) 
) 


VDDIO_MEM Memory I/O power. (V 
VDD_PLLO/1 PLL power (V 


VDDIO RTC I/O power for RTC and power input of LDO for RTC digital 
~ power (V 


S 


Table 657: Absolute Maximum Ratings 


) 
VDDIO I/O power. (V) 
) 


NOTE - Absolute maximum ratings are stress ratings only, functional operations tested to the maximum 
stress capacity are not guaranteed. Stresses beyond those listed in the table above may affect 
device reliability and cause permanent damage. 
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[Parameter din [Tica] Woe | Comments 
Cae power 


VDDIO_N I/O power (NAND interface) (V) Sa 
VDDIO_L I/O power (LCD interface) (V) SO 


VDDIO I/O power. (V 


SE) 1 


) 
VDD_PLLO/1 | PLL power (V) 1.14 


a 
I/O power for RTC and power 

VDDIO_RTC | input of LDO for RTC digital 2.6 3.3 3.6 
power (V) 


. (V) 
VDDA_USB | Analog power for USB. (V) 3.135 3465|/- 
) 
) 


VDD TSC Digital power for internal touch 1.14 1.20 1.26 
screen controller. (V) 
VDDA3V3_T | Analog power for touch screen 3.0 
SC controller.(V) ; 
) 


VDDIO_DAC | MoDAC power (V 
Input voltage overshoot (V Le 
Input voltage undershoot (V fe 


To Operation ambient temperature 2 25 70 Industry grade is 
(C) TBD 

Tj Internal transistor junction 20 25 125 
temperature (C) 


Table 658: Recommended Operating Conditions 


3 


NOTE - The conditions in the table above are tested and recommended (unless specified as “to be 
qualified”). Any device operations not listed in this table may not be guaranteed. 
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Power-On and Power-Off Sequences 
There are no requirements for the power-off sequence. Customers can decide which voltage is to be 
turned off according to the application requirements. 


While the stable time of RTC clock can be affected by external element such as crystal and capacitor. So 
the limit of stable time can be guaranteed by choice of proper external element. 


Inside of a Chip 


Feedback 
Amplifier 


Figure 116: External Component of RTC Clock 


R1 C1 1 
Xi Xo 
CO 


Figure 117: Quartz Crystal Equivalent Circuit 
Target Feauenoy ane 


Crystal parasitic 
[co ear 


Ce 
Sens [RS MOTE NO 
components 

fa. | tonr= 25 


Table 659: RTC Clock External Component Selection Guide 
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| Power on sequence Normal mode ( Hibemation mode 
_—» 
| | 
Trigged By _ 
x_on_key/ 
x_ext_on 
X_MEM_EN 
Pio | 
\ | 
VDD_CORE ! | 
VDD_USB, VDD_TSC, 14 ! 
VDD_PLL if} 1 | 
tayo | 
i | 1 | 
VDDIO_MEM \ 
| 


I 
VDDIO, VDDIO_OSC, VDDA_USB, 
VDDA3V3_TSC, VDDIO _L, 
VDDIO_N, VREF_ADC, 7 
VDDIO_DAC | 
I 

1 

I 

1 

1 


24 M clock 


X_RESETB 


Note 1: T1>1ms 
2: T2>3ms 


Figure 118: Power-On Sequence of Hibernation Mode 
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he 
A ) SiRFatlasV 
Peake aney AT551 Datasheet 
| Power on sequence Normal mode [ Deep sleep mode 
—_—_— 
| | 
riggered b 
x_on_key | 
x_ext_on 
X_MEM_EN | 
piouo4 | 
| I 
VDD_CORE, Vii | | 
VDD_USB, VDD_TSC it | | 
,VDD_PLL ly od | | 
tit 
en 
VDDIO_MEM a, 


VDDA3V3_TSC, VDDIO L, 
VDDIO_N, VREF_ADC 


24 M clock 


| | 
VDDIO, VDDIO_OSC, 1! fj 
VDDA_USB, VDDIO_DAC, | 
| 
| 
| 


X_RESET B 


Note 1: T1>1ms 
2: T2>3ms 


Figure 119: Power-On Sequence of Deep-Sleep Mode 
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Wake- up from . ; 
| hibernation sequence Normal mode ( Pm ra Eee 
—_— 
i | 
riggered by 
x_on_key/ <] 
x_ext_on 
X_MEM_EN | 
lro4 I | 
I 
VDD_CORE Vii ! \ 
VDD_USB, VDD_TSC yi I 
,VDD_PLL jit | 
I ot 
Vy oy | | 
1 o4 | 
VDDIO_MEM \ | 
I | 1 


VDDIO, VDDIO_ OSC, I 
VDDA_USB, VDDIO_DAC, 
VDDA38V3_ TSC, VDDIO _L, 

VDDIO_N, VREF_ADC 


24 M clock 


X_RESETB 


2 


Note 1: T1>1ms 
2: T2>3ms 


Figure 120: Power-On Sequence of Hibernation Wake-Up Process 


August, 2010 SiRF Datasheet — Proprietary and Confidential 548 


DRAFT 


DRAFT 


Ae 
iRF 
Dish asco AT551 Datasheet 
Wake- up from deep 
| sleep sequence Normal mode 
riggered b me 
x_on_key/ | 
x_ext_on 
1 
X_SYSTEM_EN 
! | 
X_MEM_EN 
Ito | | 
| | 
VDD_CORE Vig 8 \ 
VDD_USB, VDD_TSC, ptt l | 
VDD_PLL 1 ot | 
Py ot | 
1 ot | 
VDDIO_MEM 


I 

| 

VDDIO, VDDIO_ OSC, | 

VDDA_USB, VDDIO_DAC, | 

VDDA3V3_ TSC, VDDIO _L, 
VDDIO_N, VREF_ADC 


24 M clock 


X_RESETB 


Note 1: T1 >1ms 
2: T2>3ms 


Figure 121: Power-On Sequence of Deep-Sleep Wake-Up Process 


Thermal Characteristics 

Major thermal dissipation paths can be illustrated as follows: 
e =6Ty: the maximum junction temperature 
e Ta: the ambient or environment temperature 
e Tc: the maximum compound surface temperature 


e Tg: the maximum surface temperature of PCB bottom 
e —P: total input power 
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The thermal parameter can be defined as the following: 
1. Junction to ambient thermal resistance: Te 


Ta 


Ti-Ta 
p 


Ojn= (1) 


Figure 122: Junction to Ambient Thermal Resistance 


Thermal Performance 


Thermal measurement environment and thermal test board are based on the JEDEC standard JESD51-2 
and JESD51-9. 


Bun = 33.9°C/W 


Reliability Test Specifications 


The reliability test specifications of SiRFatlasV foliow the JEDEC testing standard as part of product 
qualification plan. The following table lists the detailed testing items and conditions. 


Qualification 

Stress Test Name : 
[Passed 
= 
Posed 


Pas 


_ JESD22-A113, JEDEC J-STD-020 
Precondition (30C/60%RH 192Hrs: L3, 260 Deg C IR Reflow) 
Temp Cycle yes zen 108 Passed 
(Condition C, -65 to 150C; 1000 Cycles) 
. JESD22-A110 
eee (130 C, 85% RH, 33.3 PSI, Vopmax) 
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Qualification 
Stress Test Name 


Test Method 


Table 660: Reliability Qualification Summary 


IR Reflow Profile 


e Compliant with IPC/JEDEC J-STD-020 D 
e Conditions: 
- Average ramp-up rate (217°C to peak): 1~2°C/sec max. 
- Preheat: 150°C - 200°C, 60 - 180 seconds 
— Temperature maintained above 217°C: 60~150 seconds 
- Time within 5°C of actual peak temperature: 20 ~ 40 seconds 
— Peak temperature: 260+0/-5°C 
— Ramp-down rate: 3°C/sec. max. 
- Time 25°C to peak temperature: 8 minutes max. 
- Cycle interval: 5 minutes 


Temperature 


(°C) 20s~40s 
Peake Gee 
260+0/-6°C Slope: max 1~2°C/s Ramp down rate: 
(217°C to peak) max 3°C/s 
217°C }------------=----------Yf--------- 
| 
Preheat: 150-200°C 
ee 
| 
60s~150s 
25°C 
Time (s) 
Figure 123: IR-Reflow Profile 
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DC Electrical Specifications 


Normal Pad I/O DC Characteristics 


e VDD = 1.65V~3.60V 
e =Vext = 3.0V~5.5V 
e TA=-20°C to 70°C 


| Parameter | Condition 
VDD Power Off 
Vtol 


Lae external VDD=3.3V 
voltage VDD Power On 
VDD=1.8V 


+ 

< 

GT 
wy ay] 


High Level Input Voltage 


LVCMOS Interface 


Low Level Input Voltage 


LVCMOS Interface 
Hysteresis Voltage 


High Level Input Current 
Input Buffer Vin=VDD 
Tolerant Input 
Buffer** Vin=Vext 
VDD=3.3V 
P VDD=1.8V 
Tolerant Input Buffer uy wOD=ay 
ve PUeHe Vin=3.3V VDD=1.8V 


VDD+0.3 


o 
wo 


TUTE s ja 
NO ~“N 
| oe } 
K 
| 


o 
c 
> 


= = 
oO 
c 
> 


mn] wn 

ola 
an 
ry 


> 


wo 
oO 
c 
> 


[oe] 


Low Level Input Current 


Input Buffer Vin=VSS 
Input Buffer with Vin=VSS MDD=3-9¥ 
pull-up VDD=1.8V 
Type A,B,C loh=-100UA VDD-0.2 
Type A,B,C lol=100UA 


Tri-State Output Vout=VSS or VDD 
Leakage Current 
Pull-Up resistor 
VDD=3.3V+ 


Pull-Down resistor 
Pull-Up resistor VDD=1.8V +0.1V 


> 


fo) 
DS) 


ie) 


= 
(o) 
Oo 


N = ‘ : Ne) 
a rs) als 
= 
> 


a 
a 
= 
x 
ie) 
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| cin | Input capacitance Any input and Bidirectional buffers a 


Table 661: Pad I/O DC Characteristics 


In the above table: 


e **specification is only available on tolerant cells. 
e Driver type A, B, and C: refer to DC currents table of output driver. 
e The specification can be changed depending on interface voltage 


TSC and ADC Characteristics 


Characteristics Symbol aa Test Condition 
[ieximumconersionrae fs | f= aa rs 


Normal operation mode 
: 4.5 })mA 
current consumption 
Power-down mode 
0.001 | 0.015 | mA 
current consumption 
Total harmonic distortion |THD | 


Signal-to-noise & distortion ratio SNDR 
Differential nonlinearity eT 


VREF = 3.3V 
AGND = 0.0V 


VREF = 3.3V 
AGND = 0.0V 


ia 


+4 | LSB 


Integral nonlinearity 
Offset voltage eee 


Gain error 


Table 662: TSC and ADC Characteristics 


USB PHY DC Electrical Characteristics 


DP / DM Electrical Characteristics 


Suspended Current 
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Room Temp 500 “iis 
Suspended Current (25 'C) 
Hot Temp 


Input Levels for Full speed 


Differential Input Sensitivity =| Differential Input Sensitivity =| Sensitivity 


Input Levels for High speed 


Output Levels for FS 


aC: ea 


Output Levels for HS 


VBUS Comparator 


a oe a a 
[—z0f 
a a 
Ee en 


Table 663: USB PHY DC Electrical Characteristics 
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Power Consumption 


Power Consumption in Typical Cases 


The following table lists typical power consumption details under the following testing conditions: 


e ARM 500MHz, DSP 250MHz, System-bus 250MHz, I/O 125MHz, DDR2 (clock rate is 200MHZz) / 
mDDR (clock rate is 166MHz) 


e Ambient temperature: 25°C 


e GPS acquisition + Mp3 decoding + MediaQ running + Mosquito running + Memory pattern test+ 
RTC timer + Temperature acquisition. 


e All powers are in typical voltage 


PLL 


VDD_PLLO/1 
VDDIO_OSC 


VDD_TSC This value depends on 
VDDA TSC application. In this 

_ scenario, it is less 
VREF_ADC imwW. 


This value depends on 


VDD_USB application. It is less 


VDDA_USB than SmW in this 


scenario. 


55 (mDDR mode 
Memory pads | VDDIO.MEM ses ChipS aha hel 
65 (DDR2 mode ; 


Total oe Memory chips are not 
aisles aaa 


Table 664 : SiRFatlasV Power Consumption in Typical Case (500MHz) 


1 
00 
<1 
<5 
VDDIO 
VDDIO_L i 
I/O pads - 100 This value depends on 
VDDIO_N application. 
VDDIO_DAC 
) 
) 
70 
80 
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Power Consumption in Deep-Sleep Mode 


In deep-sleep mode, RTC is working and memory interface is in retention mode, other powers are shut 
down. The power consumption data in this mode is shown in the table below. The testing conditions are: 


e Ambient temperature: 25°C 
e Application scenario: in deep-sleep mode 


Table 665: SiRFatlasV Power Consumption in Deep-Sleep Mode 


Power Consumption in Hibernation Mode 


In hibernation mode, only RTC is working while other powers are shut down. The power consumption 
data in this mode is shown in the table below. The testing conditions are: 


e Ambient temperature: 25°C 
e Application scenario: in hibernation mode 


Table 666: SiRFatlasV Power Consumption in Hibernation Mode 


AC Timing Characteristics 


AC Operation Frequency 


The following table lists the operating frequencies of SiRFatlasV. 


Table 667: Clock Frequencies (Unit: MHz) 
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Memory Interface AC Timing 


Tcik_c 
H_CLKjTL_CLK 
x_melkb _o y at my east tae | FPA pee 
x_mcelk_o / +-— , ee ae 
x_mcke 
x_mcs b 
x_mcas_b 
x_mwe_b - 
; H_bas|TL_bas) 
xma[1s:0] Too_apct =|! TskEw_ADcT S = 
x_m_ba[1:0] 
x_mdas[1:0] y \ // \ 
Y a, 
Toass TSKEW_DOS_R 
TSKEW_DQS-F 
x_md [15:0] 
x_mdqm [1:0] 
TskEW_DQ ~« TskEw_pa 
DDR2Z Write Timing 
eiimnaed 4 SF LJ Lae 
X_MD[7:0] 


X_MDQS[1] —, | \ | \ -— 


X_MD[15:8] 


DDR2 Read Timing 


Figure 124: Memory Interface DDR2 Timing 
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Tetk_c Differential clock cycle a rr 


Teen Differential clock high pulse width ciey pron 
Tcik_c Teik_c 
Tick Differential clock low pulse width ues Sa 
Tcik_c Tcik.c 
T Address/control signals output delay relative to falling 
OD_ADCT : : 
edge of differential clock 


T Write DQS latching rising transitions to associated 
DQSSs 
clock edge 
TH_pas Write DQS high pulse width bai 
CLK_C 
Ti_pas Write DQS low pulse width 
TcLk_c 
T Invalid read data window relative to rising edge of 
ee read DQS 
T Invalid read data window relative to falling edge of 
ee read DQS 


Table 668: Memory Interface AC Timing — DDR2 Mode with 200MHz Clock (Unit: ns) 
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Tcik_c 
TH_CLK|TL_CLK 
x_melkb_o ates | my Frm a pire 
x_ mclk_o baa Ep , ES , ees | ee , oe) 
x_mcke 
x_mcs_b ; 
x_mras_b ) rite 
x_mcas_b 
x_mwe_b 
x ma[13:0] H_Das|TL_Das 


x_m_ba[1:0 ] Top apct | TSKEW_ADCT i 
x_mdqs[1:0] // \ / \ 
le | \ } 


TSKEW_DQS_R 
TsKEW_bQs F 
x_md[15:0] 
x_mdqm[1:0] 
TskKEW_DQ TsKEW_pa 
MDDR Write Timing 
X_MDQSs[o] —, | \ \ — 
X_MDJ7:0] 
TIVWWwF < TivwwR 
X_MDQSI1}.-— | \ | 
X_MDI15:8]} 
TivwF < TivwwR 
MDDR Read Timing 
Figure 125: Memory Interface MDDR Timing 
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T Invalid read data window relative to rising edge of 
ee read DQS 

T Invalid read data window relative to falling edge of 
ee read DQS 


Table 669: Memory Interface AC Timing — Mobile DDR Mode (Unit: ns) 


August, 2010 SiRF Datasheet — Proprietary and Confidential 


SiRFatlasV 
AT551 Datasheet 


560 


DRAFT 


xy 
A F SiRFatlasV 


Das AT551 Datasheet 


CLK ee ee, ee ee ee eS 


| | 
tCMD_SU <>) tCMD_HD | 
| | 


CMD (input) —f (EE 
<> tCMD_DL a tCMD_DL 
eS (OP © 


SD/ MMC CMD AC Timing 


CMD (output) 


CLK fs _ aw” ~— OO _? Ce 


DATA[0:7] 
input 


i ee  £ QP em e 


SD/MMC DATA AC Timing 


Figure 126: SD0/2 and MMC AC Timing 


[symbot [Parameter «dn | T| | 


—(Seskperaaatnomarnowe Pf 
[coskpereaatnignsnseamoses df mf 
[Fame [>OFALESDD GMO nputsoupimeremien [8 -| 
TTaier [OF ALESDO CHO nputnoatinerenwest [8 -| 
Tass [XOFALESODCWDoupadey iY | | 
FTeaie [>COFADI-TISOD date npuseup mevewes | _& 
TTaieo [CD ADITLSO0 deta nputownwreaves [5 
Toxe | LOF-ADIOTLSDO daa oupedeay | 
co 

_ 


Table 670: SD Slot 0 AC Timing Data (Unit: ns) 


Symbol Parameter Typical 
Clock period at normal mode 
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Lay Clock period at high speed mode 
X_DF_RE,SD2 CMD input setup time request 


X_DF_RE,SD2 CMD input hold time request 


X_DF_AD[0:7] SD2 data input setup time request 


X_DF_RE,SD2 CMD output delay 
X_DF_AD[0:7] SD2 data input hold time request 


SiRFatlasV 
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X_DF_ADJ0:7] SD2 data output delay 


Table 671: SD Slot 2 AC Timing Data (Unit: ns) 
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1 
CLK _ ¥ ww 27 a_“ Cha 4 
CMD (input) | 1 


\ 
<—>! tCMD_DL <> tCMD_DL 
! 


CMD (output) | | 22 


CLK ff S&S Zz a ae 
paras} _ >< > 


input | 


pats} = > > —) KD 


output 


SD / MMC DATA AC Timing 


Figure 127: SD1/3 and MMC AC Timing 


Clock period at normal mode 
Tok 


co 
40 
es 1s 
Frans [A80.0NG Towputdoay | 
co 

ane 


Table 672: SD Siot 1 AC Timing Data (Unit: ns) 


Symbol Parameter 
Clock period at normal mode 
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X_SD_DAT_3[0:3] data input setup time request 
X_SD_DAT_3[0:3] data input hold time request 
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Tp_pLo X_SD_DAT_ 30:3] data output delay 


Table 673: SD Slot 3 AC Timing Data (Unit: ns) 


NAND Flash Interface AC Timing 


Figure 128: NAND Flash Interface AC Timing 
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Parameter Typical 


(RD_PULSE+1) x 
Tiocik 


(RD_WT_HI+1) x Tioctx 


X_DF_RE_B low pulse 


X_DF_RE_B hi width between low 
TRE_HI 
pulses 
X_DF_AD setup time request when 
input 
T X_DF_AD hold time request when 
AD_HD : 
input 


cycle: 

(2+RD_WT_HI) xTiocik 
Write data output cycle: 
(1+RD_WT_HI) xTioctk 


X_DF_WE_B hi width between low 
pulses 


Command/address _ 


X_DF_AD output time 


X_DF_CLE output time sTisoie 
- ae ; 


1 eS 
CC 
(RD_WT_HI+1)xTiocux fe 


) 
x ioclk-20 
[tte 
Tan ) 


Table 674: NAND Flash Interface AC Timing Data (VDDIO_N=3.3V) (Unit: ns) 


(RD_WT_HI+1)xTiocik 
(RD_WT_HI)xTiocik 


Command/address 
cycle: 

X_DF_WE_B low pulse (WT_PULSE) xTiocik 
Write data output cycle: 
(14+WT_PULSE) xTioctk 


LCD Interface AC Timing 


e Master mode 
When the LCD controller works in master mode, all pins are output. 
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' i] 
fo 
X_L_FCK Them lou 
i] 
HL Il Jk 
1 


a) ' 
' ' 


he 

' 

' 
X_L_LCK ; 
' 
' 
' 
! 
' 
' 
! 
! 
' 
! 


X_L_LCK 


thox. AH trek | OL 


xL_POLK MANNA 


toe an . toe oe a 


! 
! 
X_L_DE A feticn Pe ay 


ile tiop_ pt 
X_L_LDD 
See ee 


Figure 129: LCD Interface Timing Diagram in Master Mode 


[symbor [beserion——SSCSC*dSCOSCSCSCt 
Tin [Powokpoios i Rata Tow 
RA-FOKoupushedbelreXL POR _[(RatoSYNC_OW ATOR 
A FOKoups doy han XL_POUK | (SYNO_DLYSt) TO 

[ALOK ouput ahead pte XL POIK —_[(RaioSYNE DLV ATOR 


PALOK ouputdeey er KL POLK —_—_SYNE_DLYHT ATO 
Ea 
ADE ouput hen XLPOLK —__SYNE_DLYe Tos 
[RUDD eubutstecrbame LPR (Tooke 
Fras [uO oajutdoaythen XE POUR [Tooke 


Table 675: LCD Interface AC Timing in Master Mode (VDDIO_L=3.3V) (Unit: ns) 


e Slave mode 
When the LCD controller works in slave mode: 


— PIXCLK is input. 
- X_VSYNC and X_HSYNC can be input or output. 
- X_L_DE and X_LDD are output. 
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X_L_LCK cK EDS je +> © LOK HD 


coro TILA 


logan i ; ‘DE DL ->1 ie 
| 
VG 
X_L_DE \¢ tLDD_AH 
+i: l¢ tLDD_DL 


xi iN DROROROR 
( PIX_DATA) ———e 


Figure 130: LCD Interface Timing in Slave Mode 


Symbol Description Typical 
ee ae 


Trex | Trex ‘| Pix |Pixclockperiod. = |Pixclockperiod. = 
Teo X_L_FCK setup time for X_L_PCLK 
when X_L_FCK is input. 
T X_L_FCK hold time for X_L_PCLK 5 
aio when X_L_FCK is input. 
T X_L_FCK output ahead before Tpclk — (2+SYNC_DLY) x 
ee X_L_PCLK, when X_L_FCK is output. Tsys 
X_L_FCK output delay than X_L_PCLK 


T X_L_LCK setup time for X_L_PCLK 5 
eis when X_L_LCK is input. 
T X_L_LCK hold time for X_L_PCLK 5 
ay, when X_L_LCK is input. 
T X_L_LCK output ahead before Tpclk — (2+SYNC_DLY) x 
ii X_L_PCLK when X_L_LCK is output. Tsys 
X_L_LCK output delay than X_L_PCLK 
T X_L_DE output ahead before Tpclk — (2+SYNC_DLY) x 
a X_L_PCLK. Tsys 
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Tor | Tor | X_L_DE output delay than X_L_PCLK. ps (2+SYNC_DLY) x Tsys fh. ol 


X_LDD oie ahead before 
X_LDD output delay than X_L_PCLK. Pe Tpclk/2 


Table 676: LCD Interface AC Timing in Slave Mode (VDDIO_L=3.3V) (Unit: ns) 


Audio Codec AC Timing 


X_AC 97_BIT_CLK 


X_AC97_ SYNC 


X_ AC 97_ BIT_ CLK 


toin_su 


X_AC 97_DIN 


< i DOUT_ DL 
X_AC 97_ DOUT _ ~~ 


AC 97 data input and ouput timing 


Figure 131: AC97 Interface AC Timing (AC97 Mode) 


[symbor [ Parameter «dW | Toi [ Wa 


Teme rongede EEE 
TsyYNc_DL 15 
rising edge 


HTonsu | HTonsu | x | X_AC97_DIN setup time to X_AC97_BIT_CLK falling edge | DIN setup time to X_AC97_BIT_CLK | X_AC97_DIN setup time to X_AC97_BIT_CLK falling edge | edge | of |e 


X_AC97_DIN hold time from X_AC97_BIT_CLK falling 
TDIN_HD 10 
edge 
X_AC97_DOUT output delay from X_AC97_BIT_CLK 
TpouT_bL = 15 
rising edge 


Table 677: AC97 Interface AC Timing Data (AC97 Mode) (Unit: ns) 
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BIT_CLK \: 7 { sf es Ai AS TS &. 


oeparat XX XXX XX 
Ca a a 


BIT_CLK 


AD_DATA 


Figure 132: IS Interface Timing (Master Mode) 


[symbor [Parameter dn | Trin [Man 
fia | Saaaondvowssiec cuputonartcixraiaeiee | -[ _-| a 
Trax [Sasa npstsoupine rom ar_cixrsngeaie | of | 
[Tae [Sa npattostme fom Krsng ape | woof | 


Table 678: I?S Interface Master Mode Timing (Unit: ns) 


onc WIN INIA NN 


DA_DATAQ 
DA DATA agli BR eK 
= : tsync hd 
SYNC ee \ 


BIT_CLK oa 
wove XOX OOXRDOOOOC 


Figure 133: IS Interface Timing (Slave Mode) 


Smbol [Parameter Mins | ‘Typed | Ma 
7S data output from BIT_CLK falling edge. | =| =| 120] 
i°S word select setup time from BIT_CLK rising edge | sof] 


IS word select hold time from BIT_CLK rising edge | tof =] 
’S data input setup time from BIT_CLK rising edge | so} |e 
’S data input hold time from BIT_CLK rising edge | tof =] 


Table 679: I’S Interface Slave Mode Timing (Unit: ns) 
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SPI Interface AC Timing 


tEN DL tEN DL 
X SPIEN —! 


| | 
X SPI_CLK NN SNA NA NSS — 
! 
{DIN_SU le->y€->! {DIN_HD! 


X_SPI_DIN a 


tDOUT_DL lo 


Figure 134: SPI Interface AC Timing (Master Mode) 


| Symbol _| |Symbol |Parameter [Parameter st in Typical |Max. | 


Tpin_su 
edge _ 
X_SPI_DIN hold time from X_SPI_CLK receive 
TDIN_HD edge 5 


T X_SPI_DOUT output delay time from 5 
pour | X_SPI_CLK transfer edge 
Tce X_SPI_EN output delay time to X_SPI_CLK 15 Tene See Ts cnue 
transfer edge 


Table 680: SPI AC Timing Data (Master Mode) (Unit: ns) 


tDIN_SU <me> tDIN_HD! 


X_SPI_DIN 


ea 
tbouT_DL be»! 


Figure 135: SPI Interface AC Timing (Slave Mode) 


August, 2010 SiRF Datasheet — Proprietary and Confidential 570 


DRAFT 


DRAFT 


= SiRFatlasV 
see AT551 Datasheet 


X_SPI_DIN setup time to X_SPI_CLK receive edge 
X_SPI_DIN hold time from X_SPI_CLK receive edge 


X_SPI_DOUT output delay time from X_SPI_CLK 
TpouT_bL 4 x Tiocik 
transfer edge 


If DRV==CLK 
4*Tioclk-0.5Tspi_clk 
If DRV!=CLK 
4*Tioclk 


X_SPI_EN hold time from X_SPI_CLK last edge 


if DRV==CLK 

4*Tioclk+0.5Tspi_clk 
Tex su | X_SPI_EN setup time to X_SPI_CLK first edge x 

If DRVI=CLK 

4*Tioclk 


Table 681: SPI AC Timing Data (Slave Mode) (Unit: ns) 


CO and I7C1 Interface AC Timing 


X_SCL | PU 
“Ro 


4 lé- tSCL_HD >| \* tsDA_HD Loo tscL_su> (* 


Data Input Timing 


eT Lr 


X_SDA | 
> ff tscl_HD > f tsDA_DL ! tscL_SU>) 
Data Out put Timing 
Figure 136: IC Interface AC Timing Diagram 
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Typical 
Fiocux/(CLK_PERx5) 


Ts X_SDA_0 output delay time after X_SCL_0O Tiocik X 
mA°-- | falling edge (us) ( SDA_DELAY_REG+4) 
T X_SDA_0 setup time to X_SCL_0 rising 
SDA_0_SU 
edge (ns) 250 


X_SCL_0 operating frequency (KHz) 


X_SDA_0 hold time from X_SCL_0 rising 
Tspa_0_HD 
edge (ns) 
oe X_SCL_0 hold time after X_SDA_0 falling Tiocuxx CLK PER 
edge (us) 
X_SCL_0 setup time before X_SDA_0 
Tsct_o_su rising edge (us) Tiocik xX (CLK_PER + 2) 


Table 682: I?CO AC Timing Data (Master Mode) 


Syma co 
X_SCL_1 operating frequency (KHz) Fiocik / (CLK_PER x 5) 


T X_SDA_1 output delay time after Tiocik X 
sPA1-P- | X_SCL_0 falling edge (us) (SDA_DELAY_REG+4) 
T X_SDA_1 setup time to X_SCL_1 rising 
SDA_1_SU 
edge (ns) 250 


Typical 


T X_SDA_1 hold time from X_SCL_1 falling 
SDA_1_HD 
edge (ns) 
Pats X_SCL_1 hold time after X_SDA_1 falling Tiocik x CLK_PER 
edge (us) 
Tee X_SCL_1 setup time before X_SDA_1 Tioctx x (CLK_PER + 2) 
rising edge (us) 


Table 683: I?C1 AC Timing Data (Master Mode) 
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USPO and USP1 Interface AC Timing 
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Figure 137: USP Interface AC Timing (Master Mode) 
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X_UTXD_0/1, data output delay | Lise eta 


Table 684: USP Interface AC Timing (Master Mode) (Unit: ns) 
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Figure 138: USP Interface AC Timing (Slave Mode) 


| Symbol | | Parameter | = Parameter =| Min. | Typical } Max, 


X_URXD_0/1, X_UTFS_0/1, X_URFS_0/1, 
Tp_su 
data input setup time request 


X_URXD_0/1, X_UTFS_0/1, X_URFS_0/1, 
Tp_HD . : 32 
data input hold time request 
TXD_DELAY_ LEN 
To_bt X_UTXD_0/1, data output delay pf *Tsclk+56 


Table 685: USP Interface AC Timing (Slave Mode) (Unit: ns) 
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ADDITIONAL INFORMATION 


Additional technical information including Application Notes are available through the CSR web site at: 
http:/Awww.CSR.com 


ORDERING INFORMATION 


Part Dimension Operating 
Extended 
AT5511 AT5511_ | TFBGA-285 500MHz 10 x 13 Commercial grade 


WORLDW DE SALES OFFICES 

North America Europe Asia Pacific 

United States United Kingdom China 

(1) (408) 467-0410 (44) (1344) 668390 (86) (21) 6854-7153 

4 Sales@csr.com bajSalesUK@csr.com -jSaiesChina@csr.com 
Germay Taiwan India 
(49) (81) 529932-90 (886) (2)2650-2000 (91) (80) 41966000 
-alSalesGermany@csr.com FoSales Taiwan@csr.com ESalesindia@csr.com 
Belgium Japan South Korea 
(32) (496) 152969 (81) (44) 829-2186 (82 (2) 3424-3150 


E3SalesBelgium@csr.com =3SalesJanpan@csr.com =4SalesKorea@csr.com 


© 2011 SiRF Technology, Inc., a member of the CSR plc group of companies 


This document contains proprietary information to SIRF Technology, Inc. and shall not be reproduced or transferred to other 
documents or disclosed to others or used for any purpose other than that for which it was obtained without expressed written 
consent of SIRF Technology, Inc. 


All other products or company names mentioned herein are used for identification purposes only, and may be trademarks of 
registered trademarks of their respective owners. 


SiRF Technology, Inc. reserves the right to make changes in its products, specifications and other information at any time without 
notice. SIRF assumes no liability or responsibility for any claims or damages arising out of the use of this document, or from the use 
of integrated circuits based on this document, including, but not limited to claims or damages based on infringement of patents, 
copyrights or other intellectual property rights. SiRF makes no warranties, either express or implied with respect to the information 
and specifications contained in this document. Performance characteristics listed in this data sheet do not constitute a warranty or 
guarantee of product performance. All terms and conditions of sale are governed by the SiRF Terms and Conditions of Sale, a copy 
of which you may obtain from your authorized SiRF sales representative. 


No statements or representations in this document are to be construed as advertising, marketing, or offering for sale in the United 
States imported covered products subject to the Cease and Desist Order issued by the U.S. International Trade Commission in its 


Investigation No. 337-TA-602. Such products include SiRFstarlll chips that operate with SiRF software that supports SiRFInstantFix, 
and/or SiRFLoc servers, or contains SyncFreeNav functionality. 


August, 2010 SiRF Datasheet — Proprietary and Confidential Part number: CS-130805-DSP6 


DRAFT 


